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CmCKEN NEUROPEPTIDE GENE USEFUL FC» POULIKY 
Fldd of the invention 

S Tliis mvendoB lelates to die improvement of poultry prodocdon diroof^ die use of 

rec ombinant ngnopqrtides. The faiventionis premised on tte discovery of gene j^qnenceg frnm 
chidcm encoding die neQrppq)tides GRF (Growdi Hormone Rdeasi^g Honnone) and PAC AP 
(Pituitary Adenylate Cyclase-Activadi^g Polypeptide). 

10 Badcgromidrftheiirmition 

Podtry is a major source ofprotfiinm die western diet However, die result of man^ years 
of breedipg setecdon for fim-^growuQg chickens and torleys has resulted in die prodocdon of 
commercialpoidtry strains which have increased fiu deposits. Because of dus increased fot content, 
some nutritianists no longer recommend poultry over trimmed red meat In addidon, four thnes as 

IS much feed is required to produce 1 gram of fet compared to 1 gram of muscle, aui so diis increased 
fet contem also elevates production costs (notably . die cost of feed rqpresenis 
expense of raiangpoulary-^% for broiler (Sickens, 61% for tm±eys^^ Accordiogly, die ability to 
produce poultry widi a lower fat content would have bodi healfli and economic beisfits. 

Growdi Hormone-ReleasiQg Honnone (GHRH or GRF) and Pituitary Adenylate Cydase- 

20 Activatiiig Polypeptide (PACAP) are two niend)ers of die ^ucagonsuperfe^ Ttey 
are neuropeptides ixtich,amopgstodier activities, stimulate die release of pituitary growdi honnone 
(^1), die major growdi honnone in ammals. In hmnan studies, recombiiiantCffl has been shown to 
increase lean bodty mass and reduce &t content in eldorly adults. By extr^Kdatbn, die regulation of 
GH in agricuhural annuals may be usefol to conlnii gnywdi lates and bodjf 

25 Accordh^^y, diere is nmch interest in GRF and PACAP, and a nmjor focus of die 01^ 

is die search for genes which encode diese neurop^tides in agriculturally hnportant ammai spedes^ 
including poultry. 

Ahhou^ rat and human GRF have been shown to stimulate GH release from diicken 
pituitary cells m vitro, a chicken GRF has not yet been reported. It is a goal of die present invention 
30 to provide neuropeptide goie sequences and peptide sequences v/bkh fonction to stimulate GH 
rdease in poultry. 

Summary of the hivention 

This mvention provides, for the first time, a gene from diicken which encodes a precursor 
polypq)tide for bodi GRF and P ACAP (diis gene is referred herein to as die cUckm GRF/PAC AP 
35 gene). The diicken GRF/PACAP gene sequence is provided, aloi^g widi 5' and 3 

seqiiences which regulate expresston of the gene . Also provided are titeanuno add sequences of die 
peptides encoded by diis gene (because of alternative ^ilicing of die introns indie gei£, diree 
different niRNAs,eocodh%direeslig}idydifferem peptides, are produ^ This invention permits 
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die g^iemion of imdeotide seqiieiB:es eo^^ 

infividnal or PACAP pqiddes, orbo&of tfieseiidividiiaipqiddes. 

Otto aspects of the inventioii involve recombmant domiig vectors nytnitw^ imciRf^^. 
sequences eDcoding the chichen CmF and/or PACAP pep^ 
5 widi sodi cloning vectois. Genetic contracts designed for optimal eiqiressian of the cMck^ 

PACAP and/or (HU^ peptides are also provided. Hiese constructs include nucleotides encoding the 
chicken (91F/PACAP precursor peptide or die individual diicken PACAP or GRF peptides in 
assodatioQ widi r^nlatory sequences which contrid die eiqiression of die co<^^ For 
raDq»!e» a cDNAmdecale encoding die cfaiclDBn GRF may be fdxctionally linked to die 5' pnunoter 

10 r^on found i^stieam of the chicken OtF/PACAP gene. 

Also encompassed by dns invoidon are noclemide sequences v^inch incfai^ less than die 
enthre chicken GRF/PACAP gene. For example, digomicleotide primer and pmhg s^CTirffs yMch 
are derived from die nucleotide sequences provided are inchided widiin die scope of die invention. 
Such sequeiu:es« ^ch are typically 10-50 nucleotides in lengdi are useful, amon^ odier tilings, for 

15 anqiliiying die ddck^ gene from various tissues, performing hybridization studies and for cloning 
coneqxmdmg gene sequences from odier species. Nucleotide sequences ^vtndi encode larger sub- 
parts of die chicken (HU'/PACAP are also part of die invention. Such sequeiK^es iiK^hide, for 
exampk, DNA molecules encoding the individual GRF and PACAP peptides, as weU a^ 
regions usefol in controlling gene e^qiression. These sequences preferably inchide at least 10 

20 contiguous nucleotides of die disclosed GRF/PACAP gene sequence (aixl more preferably at least 
. 25, 30 or at least 50 contignons nucleotides). In odier embodhnents, diese nucleotide seqneices 
encode a peptide c^Ue of stimulating die release of pituitary gtowdi hormone from ducken 
pituitary ceOs. 

The provision of die chicken GRF/PACAP gene sequ»x:e also enables die cbning of rehited 
25 genes from other species, and die production of variants on die dLsd««d gene .»pwirf These 
variant sequences are defined as sequences v^iich hybridize under conditions of at least 75 % 
string^y to die disdosed sequences and iwfaich retain die diaracteiistic of encoding a polypeptide 
c^;>able of stimulating the release of pituitary growdi hormone from chicken pituitary cells. 
. AiK)dier aspect of die invention are die purified chicken GRF aM PACAP pqitides. The 
30 peptides may be purified from cell extracts, for example fma host cells transformed widi a 

rec ombinant vector expressing the pqitides, or diey may be synthesized by standard i)q>tide syndiesis 
mediods. Purified GRF and PACAP pqitidesniay be adnumsteied to animals duscdy to module 
GH levels and thereby regulate body composition and growdi rates. For example, die purified 
pqMidesmay be administered orally to chicks in feed, or may be formulated into slow release pellets 
35 ^diicfa are administered subcutaneous^. Sudi slow-rdease pellefae cnm p rii« th^ pq^tidft ^^ rwniwnpH 
widi a biocon^atibk matrix, such as diolesterol. Odier mediods of administration mchideiiyectbn 
of die peptides incorporated into a biocoixQiatible matrix, and die use of mini osmotic pumps. The 
amino add sequences of die disdosdGRF, PACAP and GRF/PACAP precursor polypqitides may 
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also be modified in exact sequence, vchlle retaining the cfaaractEtisdc fimcrinn of jgrimnigrit^ rtw 
jclease of pituitary growOiliannoiiefiQm chicks Sucfa variant amioo add seqoeices 

preferably include a stretch of at least 20 consecutive amino acids Identical to die smmn acid 
sequence of die disclosed peptides. 

5 Tlie imde ot ide seqoences disclosed herdn may also be used to enhance die gtowdi rate or 

improve die body conqxisitiQn of fetmed animals. For exanqile, genetic constnicts mclnding die 
chicken GRF/PACAP gene may be introduced into chicken primordial genn cells to produce 
genetically altered c h i ck e n s. SuccessM integration of such constructs into die chicken genome will 
produce a bird carrying ad dit i on al copies of the GRF/PACAP gene which, in turn, would be 

10 eapected to produce his^ levels of die CaU'/PACAP polypeptide^ 

pituilaryGH. Evenhif^levelsof GIU'/PACAPoqiresaannay be obtaiiedby ush^ 
GRF/PACAP constnicts in vMch die open reading frame is operabfy Imked to a promoter known to 
direct high level e]q3iession of downstream gene sequences. Promoter sequences ^ific for 
particular tissues (e.g. brain or gonads) or particular devdopmental stages may also be employed. 

1 5 The present invoiticHi also facilitates die ready detection of transgenic birds cairyipg introduced 
GRF/PACAP constructs. 



Brief descr^on of the drawings 
Fig. 1 diows die subdane organization of die chicken GRF/PACAP gene and die cDNA encoding 

20 the GRF/PACAP precorsor polypeptide, togedierwidi the locatikm of PCR primers. 

Fig. 2 dbows die nucleotide sequence of die ducken GRF/PACAP gene. Nucleotides comprishig 
subcbnes 1.8, 3.1, and 3.2 are diown along widi die intron/exon boundaries and die 5*- and 3'- 
flankiqg regions. The translated amino add sequence is shown in die su^e letter code bel^ 
nucleotide sequence of coMexoDS and bodi sequences are numbered on die right Thenudeotide 

25 numbering b^ins at die beginnmg of die done, whereas die amino add numberiiig b^ms at die 
initiating mediionine. GRF is underlined with a solid line and PACAP « imdftriin^ with a dotted 
line. AUexonsareinboldc^italletters widi die first exonbeii^ composed conipletdy of 
C^i^ is encoded on two exons. The intervemng inton has alternate ^lice ^tes Tlie intron-exon 
boundary for nucleotides encodlog die second part of GRF 1^ is shown (+). Hie odier splice site, 

30 9bp toward die 3* end, is slKiwn by die double synibd(++}. Hiis qilice site removes nine 

nucleotides resulting in a ^rtendedGRF|^3. Only a portion of die nucleotides diateiK:ode die 
promoter region and intron 2 and 4 are shown. The remaining nudeotides are provided in Seq. I.D. 
No. 1. Wdun the promoter, die CAAT and TATAAA sequence motif have beenundedined. 

35 Sequence ISgtiag 

The acocuiqianying sequence listiog con^irises die foDowipg sequence infhmiari^- 
Seq. I.D. No. 1: complete nucleotide sequence of die chicken GRF/PACAP gene. 
Seq. I.D. No. 2: fidl lengdi cDNA encoding ducken GRF/PACAP neuropeptide precursor. 
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Seq. I.D. No. 3: ammo add seqaeoce of die pqidde eacod^ 
Seq. I.D. No. 2 (mclnding 46 amiiio add GRF p^de and 38 amino add PACAP pqrtide). 

Seq. I.D. No. 4: amiiio add sequence of die 46 amino acU GRF pepdde emx)^ 
hagfii cDNA ^iown in Seq. I.D. No.2. 
5 Seq. I.D. No. 5: amino ackl sequence of die 38 amino acid PACAP pqHide. 

Seq. I.D. No. 6: alternatively spliced cDNA sequence encodiog chicken GRF/PACAP 
nemopeiitide precursor (alternatively sliced cDNA #1). 

Seq. I.D. No. 7: amino add sequence of die p^de encoded by alternatively spliced cDNA 
#1 (jndnrfing 43 amino add GRF pepticte and 3 8 amino add PACAP peptide) . 
10 Seq. I.D. No. 8: amino add sequence of die 43 amino acid peptide encoded by 

alternatively sliced cDNA ffl, 

Seq. I.D. No. 9: altemativdy qdiced cDNA gggnffncp encoding diicken GRF/PACAP 
neuropeptide precursor (alternatively spHced cDNA #2). 

Seq. I.D. No. 10: amino acid sequence of the peptide encoded by alternatively spliced cDNA 
15 19^2 Qnchiding 14 amino add truncated GRF pq»tide and 38 amino acid PACAP pqitide). 

Seq. I.D. No. 11: nucleotide sequence encoding chicken 43 amino acid GRF pqptide. 

Seq. I.D. No. 12: nucleotide sequence encoding chicken 46 amino acid GRF pqrtide. 

Seq. I.D. No. 13: nucleotide sequence encoding chicken 38 amino acid PACAP peptide. ' 

Seq. I.D. No. 14: imc Je ot ide sequence of primer D used in PCR amplification. 
20 Seq. I.D. No. 15: nucleotide sequence of primer F nsed in PCR iinipiffip:,^^^ 

Seq. I.D. No. 16: nudeotide sequence of primer A used in PCR ampKficatioa 

Seq. I.D. No. 17: nudeotide sequence of primer 1 nsed in PCR flmpiificntion 

Seq. LD. No. 18: nudeotide sequence of primer 2 used in PCR amplificfltion 

Seq. I.D. No. 19: amino acid sequence of PACAP 27 (PACAP 27 is a form of PACAP 
25 vitach results from alternative post-translational processing). 

Seq. I.D. No. 20: aminoaddsequenceof GRF 29 (die first 29 aniino acids of Ql, this is 
bdieved to rq)resent the minimally active unit of GRF). 

Detailed descr^ition of the Inveiition 

30 L Definitions 

Particular terms and phrases used have the meanings set ftjrth below. 
Isolated: An 'isolated" nucleic acid has been substantiafly sqkarated or pur 
odm micldc add sequences in the cdl of the organism in v^bkh die nucldc acid naturally occurs, 
i.e., odier chromosomal and eztrachromosomal DNA and RNA. The term Isolated" dms 
35 enco mp asses nndeic adds purified by standard nnddc add purification mediods. Thetermalso 
embraces nucldc adds prqiaredby recombinant expression in a host cell as well as chemically 
syndiesized nucldc adds. 
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cDNA (conqifemeniaTy DNA): a pkoe of DNA lacking iotemal, noo^odii^segii^ 
Gntioiis)andirgi]]atoiy seqoeiioesvi^ii^ cDNA is synfliesized in die 

laboiaiory by reverse tianscrqnim fi^ 

ORF (open reading frame): a series of nmdeotide trq)lecs (codons) coding for amiin adds 
5 witboDt any termination codons. These sequences are nsaally translatalde wtfn a pqrtide. 

Probes and primm: Nuddc acid probes and primers may readily be prepared based on die 
nucleic acids provided by diis invention. A probe con^nises an isolated nucleic acid ^t^rhp<f to a 
detectable label or rqxmer molecule. Typical labels include radioactive isotopes, ligaiMls, 
chenmfamiinesoeDt agents, and enzymes. Mefliods for labeling and guidance in tbe choice of labels 
10 sqipropriate for various pvoposes are £scQssed,e.g., in San^^ (1989) ai^ Aosubd et al. 
(1987). 

Primers are short nnclcic acids, prefieraibly DNA oljgnnncleoridfis 15 nucleotides or more in 
leogdu Pcimers may be annealed to a conq)lenientary target DNA strand by nuclw 
hybridization to farm a hyhrid between die primer and die tar^ DNA stntnA , a nrt riwn mem^t^ 

IS aloQg die target DNA strand by a DNA polymerase enzyme. Primer pairs can be used for 

a mp li fic a t i o n of a nudeic acid sequence, e.g.. by the polymerase chain reaction (PGR) or other 
nudeic-acid ampli&ration mediods known in the art. 

Mediods for preparing and usmg probes and primers are described, for exanq>le, in Sambrook 
et al. (1989), Ausubei et al. (1987), and Innis et al., (1990). PGR primer pairs can be derived from a 

20 known sequence, for exan^le, by usipg conqmter programs intended for that purpose such as Primer 
(Version 0.5, ^ 1991, Whitehead Institute for Biomedical Research, Cambridge, MA). 

Purified: the tern pvuified does not require absolute purity; rather, it is intended as a 
relative term. Thus, for example, a purified pqitide or protein prqnratian is ow in whidi the 
protein referred to is more pore dian the protein in its natural environment widiin a r^ } 

25 ()perahly linked: A first nudeic acid sequence is operahly finked with a second nucteic add 

sequoice when the first nucleic add sequence is placed in a fonctional reladonshq) willi die imddc 
add sequence. For instance, a pronmter is operably linked to a coding sequence if die promoter 
affects die transcrq)ti(Hi or es^ression of die coding sequence. Generally, operably linked DNA 
sequences are contiguous and, ^lerenecessary to join two protein coding regions, in die same 

30 readily frame. 

Recombinant: A recombinant nudeic add is one diat has a sequence diat is not naturally 
occurring or has a sequence that is nude by an artifidal ccmUnation of two odio^^ 
segments of sequence. This artifeiftl cnmhtnarifm IB fiQi^ a^romplisi^*^ ^^y ^^^™Va1 s y»itfw*«g 
more commonly, by die arti&ial manipulation of isolated segments of nncldc acids, e.g., by genetk 
35 engineering tedmiques. 

GRF: Growdi honnone-releasing hormone (alternatively referred to as C3IR1Q. 

PACAP: Pituitary adeiqrlate cyclase-activating polypeptide. 
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GRP/PACAPpmorsor polypeptide: a polypqidde which iictades both GRF ai^ 
pdypqMide seqaences. Cleavage of dds precoisor poKypqitide jfiel^ 
PACAP polypqiddes and a crypdc pdypqptide. 

Addifianal defimtions of common tenns in molcGnlar biolQgy may be found in Lewin, B. 
5 'Genes IV" published by QxfoidUmveisity Press. 

n. Chming of chicken GRF/PACAP gene 

A. Materials and methods 
1. DNA an^Bficaiion 
10 u Ampliff!f»Hon of the chicken GRF/PACAP mRNA 3' end 

Chicken (GaUm domesticus) brains were removed, (daced immediately in liquid nitrogen and 
stored at -80^C. Total RNA was extracted wifh an acidic goamdinhmL tMocyanate mgtfmd 
(Chomczynski and Sacdn, 1987), foUowedby purification of poly A ^ ridi mRNA on two 

15 ccmsecutive oligo ^yjriz cohnnns. Single branded cDNA was synthesized wiA 10/ig poly A^ rich 
mRNA^ 2mM oligo dTjo (primer E), 5 tnncs Siqjerscrijrt buffer, 2mM dNTP, l(toiM DTT, 5U RNA 
guard (Pharmacia), and 200 U RT Siq)erscript (BRL) to a final volume of 25fiL The reaction was 
heated tn AVC for X/lSta and tennmatBH hy inpr«iQing fa fa 10 mm. 

Amplification was performed in a SO^J votame widi 0.2^g cDNA, SUTaq, IxTaqbufifer 

20 (Pramega),20(knMdNTP's, 2.5mMMgCl2^ aiMl20iBnol of primers D (5*- 

catgtttggacagaacacaacg^gcg) (Seq. LD. No. 14) and F (5'-cattcgga^ggatcttcacggatag) (Seq. LD. 
No. 15). The reactkm was carried oat for 35 cydes at 94'*C for Imin, 45*'C for 1.5 min,72''Cfe 
1.5minandfora5.3m]n extension at 72X. Anqilified bands were clorKd into pBfaiescriptRS+ 
(Stratagene), electroporated into XL^l conqietent ceDs, and prqnred for sequencing widi an ftllraiw 

25 hydrolysis n^diod (Bimboim 1983). Bodi strands were sequerced widi [a-^S] dATP usii^ die USB 
Seqnenase diain termination method (Sanger et al, 1977) and CircumVent dieimai cycle sequendqg 
kit (New Eng]and Biolabs). All sequendiig gels were 6% polyacr3iamide/7M urea wedge gels, 
dried under vaconm at 80°C and exposed to Kodak XAR>5fihn for 12-24h. 

30 ii. Ampnficatkw of the 5'end 

A modified version of Frohman's (1988) RACE protocol was utilized to ani|dify tibe 5' end of 
. die diicken GRF/PACAP cDNA. To amplify die 5' eid, Ifig Pdy A+ mRNA was mixed wifli 
lOpmolprimerD, and 7^ DEPC treated water to a final vohnne of 10|d, heated at 65''C forSmin, 
and dien cooled on ice. Single stranded cDNA was syndiesized widi die above mRNA/primer 
35 mixture, S/d Siqierscrqit buffer, l^iM dNTP, IQmM DTT, 5U RNA guard (Pharmacia), and 

RT Si5)erscrq)t (BRL) to a final volume of 25/d. The reaction was heated to 42''C for 1.25hr and 
terminated by increasing die temperature to 95''C for 6min. The first strand syndiesis was 
cancentiated to 12.5 fd, of vMch lOpd was extended widi dATP, l/d water and 1/d TdT enzyme 
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(BRL). PGR cQD^doiis viieie idendcal to die abcn^ 

ffi* Ampifficafim of GRF/PACAP mRNA spBcc variairfs 

5 Brains were removed from 2S-day-nM cIrirJpMt!? ffxtractfd in TriZd (BRL). 

Complgnadary DNA ivas synflicsizBd from 1/ig of total RNA napg 200U svian l e v c i s e 
transciqrtase (H"RT Siqierscrqjt. BRL), IQmM DTT, O.SmM eadi dNTP. SOU RNA giaid, 2^ 
primer E, aid IX H^RTbufi^ for a total leaiUicmvQlmne of 20^1^ Hie leaction proceeded for 
9(kmnat41''C foUowedby 10mmat90X. PCRamplifications were done with 0.5^ of i^ly 

10 tranambed siogle stranded cDNA frran each tissue, 5U Taq DNA polymerase, IxTaqbofifer 

(Promega), 0.2mM each dNTP, 0.4#iM of primers A (5*-gagccccgcccg^gcttaccgcag) (Seq, I.D. No. 
16) and D (Rg, 1). and 2.5mM MgQj in a SO/d reaction for 35 cycles (94**(1')-55**(1.5> 
72''(1 .75% PGR reactions weie purified throu^ a 1.5% agarose gel. Bands were isolated, dcsoed 
into pBhiescrqit KS+ (Stratagene), electroporated into XI^l competent cells, and prqKired for 

15 sequencing widi an aftaline hydrolysis method (Birnboim 1983), Bodi strait wm sequenced widi 
[a-^]dATPusuvdieUSBSequenasediaint»n]natiQnmediod(SaqgeretaiL, 1977) aid 
CircumV^ thermal cycle sequmdpg kit (New Ei^laid Biolabs) . 

iy. Reverse tnuBcriptase/PCR assay 

20 Brain, ovary/oviduct, testis, pituitary, l^art, liver, kidney, crop, small intestine, large 

intestine, eye, and die nmsde were r^noved from 25-day-old chickens and extracted in TnZol 
(BRL). Conq>lenientary DNA was synthesized from l|ig of total RNA using 200U avian reve^ 
transcriptase (IT RT Superscript, BRL), IQmM DTT, 0.5mM each dNTP, SOU RNA guard, 2|iM 
primer E, and IX ITRT buffer for a total reaction vdmne of 20^. The reactian proceeded for 

25 9Qmmat4rCfoUowedby 10mmat90X. PGR amplificatinns were done wifli 0.5^ of i^wfy 
transcribed angle stranded cDNA from each tissue, 5UTaq DNA pdynie^ IxTaqbofifer 
(Pranega)» 0.2mM each dNTP, 0.4fiM of prhneis A aid D (pg. 1), and 2.5mM Mgds in a SOi^l 
reaction for 35 cycles (94**(r)-55**(L5>72**(1.75'). 

30 2. Genomic library screoung 

A total of 10^ pfu from die chicken genomk library (Stratagene) were screened widi 
die 2941^ PGR cDNA fragment (primers D/F). Duplicate nylon membrane (BioRa^ lifts were 
piehybridized at 50°C in 6x SSC, 5x Denhardt*s sedation, 0.5 % SDS and 3Qmg/ml sea uicMn DNA 
(blocking DNA) for 4 hours. The hybridization solution, consisthig of fix SSC, 0.5% SDS, and 

35 lOQmg bkicking DNA, was added to die [a-^JdCTP (Diqwnt) labeled probe (2.4x10^ cpm/ml) and 
incubated at 50^Covefni£^ Ihemembianes were washed nnderhigli stringency 
(0.1xSSC70.1%SDS) for 50 mm at 50*'C, tfieneiqxxsed to Kodak XAR-5 fihn for 7 days at -WC, 
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Three aMdonal roonds of scieeidDg were used to purify a positive clone that had been 
isolated firam die geoomic lihraiy. The insen was exdsedfiom die phage DNAwidiSacl, purified 
by agarose gd electrojdKffesis and aibcbned into pBbiescript KS (Stcalagene) t«ii^ T4 li^se 
(Fhannada). Three of the four Sacl subclones were shortened by nested deletions (double stranded 
5 nested deletion Mt, Phannacia) on both strands followed by seqnendi^ of the twn straiwig ^ accontipg 

3. Southern analysis 

10 CMdoenliva: DNA was ground and treated with proteinase K (Sigma) in buflfer 

(lOtaM Tris, pH 8; lOOtaM EDTA, pH 8; 0.5% SDS; 200/ig/ml proteinase K) ovemi^ at 55X. 
Hie DNA was purified with diree subsequent j^boxilrdilorofbrnuisoaniyl alcohol extracdons 
(24:24: 1) and one chlorofomuisoamyl (24: 1) extiacdon; endover aid mixing was carried out for 3 
lunrs afier each addition of ficeshphenol-chlorofbm-isoam^a]^^ The DNA was dudyzed 

15 against TE(pH 8) overid£^ to remove die CHTganic solvents. 10/cg (30/d) DNA was digested widi 
eidier BcoRI, Sacl, Hmdm, PvuH, andKpidandelectroiihoresedduni^a IX aga^ 
duplicate. Tlie DNA was transferred as to die mamifactin-er's specification (BioRad) far die allaline 
Zeta-Probe GT membrane. Prehyteidization was in7% SDS, 0.25M NaHPQi^pH 7.2, ImM EDTA 
at 6SX for 15nmL Hybridization was in fresh prefaybridization sotatjon fhsu the ranHnm pfm^^ 

20 ^[dCTPJlabeledprobefor 17hrat65**C. The hybridized membranes were rinsed ui^ low 
stringency (45^C) widi 5%SDS. 4QmM NaHPO^, ImM EDTA and fliien washed for 45min widi 
fresh sohition (45**C). TTie wadi sohition was raised to high stringeiKy (fiS^'Q by wadiii^g widi 1 % 
SDS, 4QmM NaHro4, linM EDTA and wadied twice for 45mm at 65**C widi fresh After 
wasdbii^, die membranes were sealed in plastic and exposed 2^ to Koda^ 

25 inteosifyiiig screens at -80**C. 

B. Results 

1. Gene or^nization 

A stngle band of 2941^ resuhed from die first DNA amplification of chicken RNA/cDN A. 

30 lliis cDNA fragment was used to screen d» cM(±en genotnic library. One miUion clones were 

screened to produce a single plaque diat hybridized to die probe. The lambda clone of approximately 
12500bp, produced 4 fragments digested widi Sacl (Hgure 1). These smaller fragments were 
purified and subcloned into pBhiescript KS (subclones 1.8, 3. 1, 3.2, and 4.4). 

Subclones 1.8, 3.1 and 3.2 contamed 6469bp of die diicken GRF/PACAP gene; clone 4.4 

35 consistedofqjproxunately 5Kbof 3' fbiddBgr^onanddierefore Subclone 1.8 

(1682bp) contained exons 3, 4, and 5 oicodii^ die oyptic peptide, GRP, and PACAP, respectively. 
Exon 3 containme part of the cryptic peptide was 134hp in lengdi and coirtaiiied the mylff^^f ^ 
reading fi:ame diat encodes a dibasic processing site (Lys-Arg) between die cryptic and GRP peptide. 
Exon4has96iiucleotidesdiatcodefordieimtial32aniiiioacidsofchic]Kn(3tF. The final 
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pordonof C^anexDnSdiowstfaatcfaickenGRFisii^ dseloqgest 
knownGRF. Onexan5 immediately downstream of the cafiqg legbn of cfaicfcen GRF|^ is flic 
coding le^on for PACAPi^sqiaiated from (HtF by a Lys-Aigprooe^^ Thediicken 
PACAP}^ is identical to die manmialian fonn excq>t at position 

5 aibstitafied for an alanine, done 3.1 (216(X9) contained exon 1 that encoded die 5*-imtianslatBd 

region (UTR) (194)^), an intron (142bp) and exon 2 diat encoded die signal peptide aixl a portion of 
die cryptic pq)dde (114bp). Qone 3. 1 also contained 3441^ of regulatory region. Widnn die 344bp 
was a CAAT regulatory region at position 2974bp, and die TATAA at position 30021^; tbese 
nucleotides are conseissus r^ulatory regions not fotond in otfa^ pacap genes. Intron 2 of 1337bp was 

10 die longest imron and intions 3 of 178bp and 4 ctf 3711ip contained an mmsually Ingji G/C content and 
nnmennis (GX, rqieats. Clone 3.2 C2627bp) was eacchiSEvely pxamotu'. 

2. Aiternative %iliciQg 
To confirm intron-exon boundaries, brain mRNA/cDNA was screened uapg tbe PGR and 
15 primers A and D. AD intron-exon boundaries were confirmed, however the boundary between exons 
4 and 5 was found to vary: in some bands, die first boundary was at poation 5703bp, the second 
boundary bad slid nine bases downstream to position 5712 bp and the durd bouidary shows that cxcm 
4 is lacking altogedier. 

20 3. Tissiieexpresskni 

In juveniles at 25 days afier hatching, chidoen GRP/PACAP mRNA was detected not only in 
die brain, but also m tissues ^dernal to die braui using a RT/PCRmediod. GRF/PACAP mRNA 
eqiression was detected widiin die brain, ovaiy/oviduct and testis of die di^^ Eiqiiession was 
not detected widiin die pituitary, heart, liver, kidney, crop, small intestine, large intestine, eye, or 

25 the muscle. From die brain mRNA, two bands were anqilifiedfiom die RT/PCRmedi^ These 
two bands, along with the single bands from die ovary/oviduct and testis, were purified and 
sequenced to verify the PACAP sequence. The longest band in the brain and single band in gomds 
contained all exons, ^^lereas the ^rta band in the brain lacked exon 4. Ihe cDNA ^ipeared to be 
of good quality as determined by die PGR products obtained widi tubulin primers. 

30 4. Soutbom analysis 

Soudiem analysis of chicken genomic DNA using die 294bp PGR cDNA fiagment as a DN A 
probe revealed two bands. AU five gencmiic DNA restriction digests had two areas hybridizing to 
diecDNApn)be. Bodibands^i^ieared when low and hig^ stringency wadies were applied to the 
membrane ami no odier bands ^ypeared widi low stringency wadies. 
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C« Discussioo consults 

1. Gene orgamzation reveab two 
neon^iepttdes oicoded in one gme 

We have isolated ftom a cfaicben (c) genomic lifarary a done diat encodes bodi a GRF pqjdde 
andPACAP. lUs is die fiist rqxirt of an avian Bodi P AC AP and GRF belong to die 
gtecagon super ikmily in winch die members have similar intnm/exon orgamzation and mpf^ncf 
identity. For exan^Ie, die amino add identity between cfaidoen GRF andPACAP is 30%. Hus 
oig anizarin nin^iricfa bodi peptides are encoded on die same gene is gimibr m thaf fish (seg U.S. 
patent qyplication serial No. 08^062,472), bntunfike mammals, which have two genes encoding each 
pqMide seiarately. 

Hie association of chicken PACAP (cPACAP) widi members of a sqier&mily inrhvtttig 
gbicagon, secretin, C^F, and vasoactive intestinal peptide (VIP) is ilhistrated by a seqoeiic^ 
identitybetweencPACAPandcVIP (Talbot etaL, 1995). In conqjaringmRNAs, die nucleotides 
encoding die cPACAP r^ion have 80% identity widi die nucleotides encodii^ die cVIP region. 
Hiis hig}i degree of idomty likdy eaqdains die observation of two bands hybridizing widi the 
cPACAP probe on Sondiem blots. 

The n ndeotidesofdie cPACAP oo&^gr^iott arc 92% identical to die hmnan PACAP gene. 
The deduced d^ACAP amino add sequence is 97% identical to die human sequeise widi die o^ 
diai^beh^ at position 2 vdiece an isdendne is substituted fiK an alaid^ In contrast, die ducken 

(cGRIO peptide has ody ^% amino add identity to human, 47% to rat and 76% 
(Va^ghanetaL, 1992). This divergence amoi^^edes is not surprising in view of die relatively 
low sequence identity of 68% between human and rat GRJP. 

2. Atternativeqplidi^ produces 3 Cerent mRNAs 

The ducken GRF/PACAP gene is composed of 5 exons. All 5 eum locaiiois and 
intron/exon boundaries were confirmed by isolatii^cDNA clones frcm the 5' and 3' RACE 
reactions widi adult brain cDNA(Hgure 5). Howcvct, in sequences of die PGR fragments, we 
observed dm die intron/exon boundary between exons 4 and 5 has considerable variaticm (F^gu^ 
Tlie dominate boundary occurs at position 5703bp; die second boundary slides 9bp dowistieam to 
position S712; and die durd boundary shows diatexon 4 is laddngaltogedier. At bodi splice sites 
nine bases qiart, proper consensus splice ffltes exist Hierefiire, die cbicken GRF/PACAP mRNA 
transcrqit has i^dice donor sites diat encode a 43-ainino-add GRF. Hie acceptor site was also shown 
to duft 9bp upstream to encode a GRF of 46 residues. The intron nucleotides at die 5' splice site of 
intron4, AG:Gr(A) and die last 4 nucleotides ofintnm 4 at bodi 3' splice sites (NCAG:C), closdy 
matcii die qilice site ccmsoisus sequences as found in verte^^ 1986; Green 1991). 

This pattern of alternative splicing has not been reported for transciq)ts in tins &mily of 
pqitides. The fimction of the alternative splidng is not known other tfian to encode two GRPs of 
difierentlengdi widi, potentially, two different functions. Recent evidence si^ggests diat hmnan 
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(31F|^ in die dncken may afiEect SGmatotroph dififetentiation in die embryomc ducken pituitary 
(Porter etal., 1995) and flie development of ducknempblasts and tfieir penmt rammfttm (gpnyy^Ti 
and Vemadakis 1990). These effects on early brain development and GH-rdeasiqg scmatotroplis in 
the pituitary may reflect an early role of GRF^^ and/or GRF*^ m avian systems. 
S The final mRNA traisa:q>t syndieszzed is a cDNA for ducken GRF/PACAP diat lacks exon 

4, ^rhich encodes GRF^.^^. The oitical part of die pqitide is ^Hm0st to be contained in die 
sequence as mammalian G9U\.29 is die core reqoired for foil biological activity (Ling et aL, 1^). 
The importance of GRF duiiqg develc^mient is ""piW by die absence of exon cfeletUm in die embryo 
prior to hatcfaiqg. This deletion of exon four has been igxirted for cDNAs fircm tfiree nriier family 
10 members (PaikeretaL, 1993; Seog^woneTirf.. 1995; Talbot etal.. 1995). 

As a lesdt of diis alteinath^ sfdicn^, duee cDNA sequences may be derived 
GRF/PACAP gene. Hiey are as follows: 

1. "Pdl leqgdi" cDNA (Seq. I.D. No. 2) enco£i« 

GRF/PACAP precursor polypeptide (Seq. LD. No. 3) inchidipg 46 amino acid (jRP pepddt (Seq. 
15 LD. No. 4) and 38 amino add PACAP peptide (Seq. I.D. No. 5). 

2. "Alternatively spliced cDNA #1" (Seq. LD. No. 6) encoding GRF/PACAP precursor 
polypqitide (Seq. LD. No. 7) indudmg 43 amino add GRF pqrtide (Seq. LD. No. 8)ai^ 38 ammo 
add PACAP pqrtide (Seq. LD. No. 5). 

3. "Alternatively spaced cDNA #2- (Seq. I.D. No. 9) eiKodmg GRF/PACAP precursor 
20 pdypqrtide (Seq. LD. No. 10) Inchiding die presumptivdy non-fonctional 14 amino add truncated 

GRF peptide and 38 amino add PACAP peptide (Seq. LD. No. 5). 

The nockotide se^iences comprisiag the open reading frames of the 43 and 46 nminn add 
CStFs and die 38 amino add PACAP are shown in Seq. LD.Nos. 11, 12 and 13, respectively. 

25 m. Phy^ogical activity of GRF/PACAP neurapqitldes 

In ardnud systems studied to date, purified GRF and PACAP have been diown to stimulate 
die rdease of GH. For example, PACAP rdeases GH from mouse and rat clonal pituitary cell lines 
(Prq>ato-Mussafiri et al., 1992), and human GRF initiates die rdease of GH from chicken pituitary 
cdlsbodiinvitro(Perezetal., 1987)andinvivo(ScanesandHarvey, 1984). TheabOityof 

30 purified GRF and PACAP to stimulate GH release may dierefore be r^arded as a defimng 
fonctional characteristic of diese peptides. 

The ability of die chicken GRF and PACAP pqitides to stinndate die re^ 
dncken pitmtarycdls may readily be confirmed usii^ die procedure described 1^ (1987^ 
iixxirporatBdherembyreferrace). Tte assay procedure desGobed by Perez et al. (1987) may also be 

35 usedtodeterniine whediervariam fonns of die chicken GRF and PACAP pqddes, produced as 
described m Section V betow, retain die ability to grimiiiitt e GH release. 
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IV. PrefarediiKdiod for makii^GRF/PACAP genes 

The fioregdog discossioii describes die original means by \wiiich die cMrfepn GRFiPACAP 
gene was obtained and also provides die nucteodde sequence of diis gene aid of cDNAs piodaced 

5 from dlis gene. Wfll die pmvisinn of Ihk sapience infiwrnftfi^ die pnlyniPi^ chain rea^f^Vni 

(PCIO may nofw be utilized in a nioie diiect and simple med^ 
and die disclosed cDN A sequences. 

To anqilify die cDNA sequences, total RNA is extracted from dnckea brain cells as 
described above. The extracted RN A is dien used as a taiqilate for performing die 

10 transcriptioniXilymOTse chain reaction (RT-PCR)anqrfification of cDNA. Mediods and conditions 
for RT-PCR are described above and in Kawasaki etal. (1990). Tte selection of PGR primers will 
be made according to die portions oftiie cDN A >idiich are to be anqilifi^ Primeis may be chosen 
toamplify small s^mentsof a cDNA or die entile cDNAmdecule. Variation in anqilification 
conditions may be requked to acconimodateprimera of differii:^lei^^ sndi oQisiderations aie 

15 wen known in the art and are discussed in Inms etal. (1990). For exanqde, die open readmgftame 
of die chicken GRP cDNA molecule may be amfdified using die follnwigg cmnhination of prfmcrs! 

primer 1 5' CACGCX^GATXKKSATCITCAGCAAA 3' (Seq. LD. No. 17) 
primer 2 5' CCCGACCCGCrTOGCCATCAGGGA 3'(Seq. LD. No. 18) 

20 

These primers are iUustradve only; it will be appredated by one skilled in die art diat many different 
primers may be derived from die provided cDNA sequence in order to amplify particular regions of 
die cDNAs encoding GRF, PAC AP or die GRF/PACAP precmsor. 

Alternatively, die gene sequence encodii« die GRF/PACAP precursor polypeptide ( die 
2S genomic sequence inchiding intions) or pieces diereof may he dhtaii«d hy ampKfSrgttAn usiqg 
primers based on die presented gene sequence and genomic ducken DNA as a tenqilate. 

V. Production rf GRF/PACAP fwp?Affrp variants 

It win be qqnrem to (me dolled in die art diat die Uochemi^ 
30 and P AC AP pqitides may be retained even diougjii minor variations are made to the nucleotide 
se q uences encoding diem. Thus, a nucleic add sequence codd be designed diat encodes for die 
chicken GRF peptide, but >^ch differs by reason of die redundaix^y of die genetic code, from die 
exact GRF cDNA sequence disdosed herem. Therefore, die degeneracy of die genetic code farther 
widens die scope of the present rovention as it enables major variations in the nucleotide sequence of 
35 a DNA molecule whfle maintaining die amino acid sequence of the eixxided protein. 

For exanqite, die sevendi amino acid readue in die duckenQlP peptide is se^ Thisis 
encoded in die GRF gene by die nucleotide codontrqiletAGC. Becauseof die degeneracy of die 
genetic code, five odier nudeotide codon triplets-TCT, TCA, TCG, TCC, aid ACTT-also code for 
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serine. Acccffdii^, die inx^kodite seqiKiice of die GR^ 

postdon to any one of dxese five codons widumt affectipg dm amino acid ccmposidoa of die encoded 
GRFpepddeordiefnncdQnaldiaractaisdcsof diepci»dde. ThegenedccodeaDdvariadoiBm 
nucleotide codons for pardodar amino acids is presented in Tables 1 Based iqxm die 

d^enoacy of dm gpnedc code , variant DNA moleodes may be derived from die DNA sequences 
disclosed herein using standard DNAnnitRgenesis tedbniques, or by direct chemical syndiesis of 
DNA sequences. 
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TABLE 1 
The Genetic Code 

First Third 
S Position Position 
(5' end) Second Position (3' end) 








c 


A 




6 




10 


iPhe 


Ser 


Tyr 




1 

Cys 


1 T 






Phe 


Ser 


Tyr 




Cvs 


c 




T 


Leu 


Ser 


Stop 


(och) 


Stop 


A 


IS 


iLeu 
1 


Ser 


Stop 


(amb) 


Trp 


i G 
1 
1 




|Leu 


Pro 


His 




Arg 


T 






Leu 


Pro 


His 




Arg 


c 




C 


Leu 


Pro 


Gin 




Arg 


A 


20 


iLeu 
1 


Pro 


Gin 




Arg 


G 

1 




|lle 


Thr 


Asn 




Ser 


T 






lie 


Thr 


Asn 




Ser 


C 


25 


A 


He 


Thr 


Lys 




Arg 


A 




iMet 
1 


Thr 


Lys 




Arg 


G 

J 






Val 


Ala 


Asp 




Gly 


T 


30 




Val 


Ala 


Asp 




Gly 


C 


G 


Val 


Ala 


Glu 




Gly 


A 






Val (Met) 
1 


Ala 


Glu 




Gly 1 G 
1 



35 "Stop (och) " stands for the ocre termination triplet, and 
"Stop (amb)" for the amber. ATG is * the most common 
initiator codon; GTG usually codes for valine, but it can 
also code for methionine to initiate an mRNA chain* 
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TABLE 2 

The Degeneracy of the Genetic Code 



Number of 
Synonymous 



Total 
Number of 



Codons 






Amino Acid 




Codons 


6 






Leu^ Ser, Arg 




18 


4 






Gly, Pro, Ala, Val, 


Thr 


20 


3 






He 




3 


2 






Phe, Tyr, Cys, His, 
Glu, Asn, Asp, Lys 


Gin, 


18 


1 






Met, Trp 




JL 


Total number 


of 


codons 


for amino acids 




61 


Number of codons 


1 for termination 




-1 


Total number 


of 


codons 


in genetic code 




64 



10 



15 



20 



25 



30 



35 



Addirianally » standaid mutagenesis techniques may be used to produce pqitides iwliich 
vary in amino add sequence ficam die disdosedC^ and PACAP peptides. Sudi variant peptides 
include those widi variations in amino add sequence inghwitt^ minor deletions, additiois and 



While die site fior introducing an amino add sequence variation is piedetennined, the 
mutationperffneednotbepiedetennined. For exaxn|de, in order to optimize die perfonnaix:e of a 
mutation at a given d te , rambm mutagenesis may be conducted at die taiget codon or region and die 
expressed protein variants screened for die (^rtimal combination of desired activity. Techniques for 
making substitution mutations at predetennined sites in DN A having a known sequence as described 
above are wen known. 

In Older to maintam die ability of die GRF/PAC AP peptides to stimulate GH release » 
prefened pqitide variants will ££fer by (ndy a small number of gmino adds ftom die GRF ^iimI 
PACAPpqitide sequences disclosed hereia Prefembly* sudi variants will be amino add 
sn bs ti hU tons of sigg^ residues. Substitutional variants are diose in vdiich at least ok residue in die 
amino add sequence has been removed and a different residue inserted in its place. Sudi 
substitntioDs generally are made in accordance widi die following Table 3 ii^ien it is desued to finely 
moddate die diaraderistics of die protdn. Table 3 shows amino adds vfdudi may be fi»bstituted for 
an original amino add in a protein and ^(^lich are regarded as conservative -qiiifirifitfions 
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TABLE 3 



5 



25 



Original Residue 


Conservative Substitutions 


Ala 


ser 


Arg 


lys 


Asn 


gin, his 


Asp 


glu 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn; gin 


He 


leU/ val 


Leu 


ile; val 


Lys 


arg; gin; glu 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 



Siibstantial changes in imimmological and fancdosal identity are made by geig^ct ing 
sabstitotioDsdiat are less consewativediandK»se in Table 3, Le*, selecting re^dues that differ more 
si gnificantl y in tlieir effect on maintaining (a) die structure of die p(dypq)tide bacUiane in die area of 

30 the substitution, for exan^>le, as a sheet or helical conformadon, (b) the charge or hydiophobicity of 
die molecule at die target site, or (c) the bulk of die side chain. The subsdtudons v^iich in genend 
are expected to produce d^ greatest changes in protein properties win be diose in \^ch (a) a 
hydrophilic residue, e.g., seryl or direonyl, is substituted fior (or by) a hydrophobic residue, e.g., 
leucyl , isQleuc]d» phenylalai^l, valyl (n: alanyl; (b) a cysteine or proline is substituted for (or by) any 

35 odier residue; (c) a residue haviii^ an electnipositm side diain, e.g.^ 

substituted for (or by) an dectionegative residue, e.g. , ghitamyl cx aqartyl; or (^ a readue having 
a bulky ade cham, e.g., pheiqialanme, is substituted for (or by) oik not having a side rha\n^ e.g., 
glycine. 

The present invention dms encompasses not only die precise GRF/PAC AP peptides desoibed 
40 herein but also pq>tides which are derived from diose disdosed and which retain die ability to 

stimulate die release of GH firom diicken pituitary cells in vitro. Shnilarly die scope of die invention 
is not limited to die precise nucleic acid sequences disclosed. 
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V. Construction of recondiiiiant vectors for exiires^ of QIFAPACAP peptides in 
hetarologoas systems 

With die provision of die nudeotide sequence for die chicken GRF/PACAP gene and 
S niH:Ieotide sequences encocEqg die individnal ducken and PACAP pcpddes, diis invention 
enaMes die construction of recombinant doning vectors for grprpgang any ccmbimtion of dK 
GRF/PACAP precursor polypq)tide, die CTtF pqjtide or die PACAP 
these sequences, as desoibed in die precedmg section). For example, die nucleotide sequence 
dqiictedmSeq. I.D. No. 2 may be selected for eqiression of die full l»igdicDNA encodiiig die 

10 GRFj^ACAPj^g precursor pdypqptide, ixdiereas die sequence shown in Seq. I.D. No. 12 may be 
selected for eaqiression of GRF|^ alone. 

The expression of these open reading frames (ORFs) in heterologous cell systems involves die 
introdnction of die ORF uito a vector (soch as a plasmid), in such a way diat die ORF is opeiably 
Imked to leguhitory sequences to direct tiansci^Qn of die ORF. The recondnnant vector is 

1 5 introduced into die selected host celU winch is dien grown under confidons which support die 

e^xressionof die ORF and production of die pq)tide sequence. Mediods for eiqiressh^ proteiis by 
recombinant means in compatible prokaryotic or eukaryotic host cells are well known m die ait and 
are discussed, for exanqile, in Sambrook et al. (1989) and in Ausubd et al. (1^7). 

The most commonly used prokaryotic hosts are strains of Escherichia coU, aldiou^ odier 

20 piokaryotes, such as BacUlus subUSs or Pseudomanas may also be used, as is weU known in die art 
F6r eqnession m a bacterial host, die selected ORF is figated mto bacterial egression vectors. 
Mediods for eipiessmg large amoonts of protem from a ctoned gene introduced into EsdteruAia coU 

C0/Oniay be utilized for the purification of die pq>tide. Mediods and plasmid vectors for 
producing fasion proteins and intact native proteins in bacteria are descHbgd In jgamKm nV ^ ^\ 

25 (1989) (ch. 17). Sudi fosion proteins may be made in large amoonts, are easy to poiify, and ^ 
used to produce antibodies. Native protdns can be produced in bacteria by pladpg a stroi^, 
regulated promoter and an efiBdemribosomebindii^ site iqjstream of the cfo Iflowlevels 
of protein are produced, additional steps may be taken to increase protein production; if hi^ levels 
of protein are produced, purification is relatively easy. 

30 Often, proteins expressed at high levds are fouiid in insoluUeinclusioii bodies. Mediodsfor 

extracting proteins from diese aggregates are described inch. 17 of Sambrook^aL (1989). Vector 
systems suitable fin: die eiqiressbnof locZ fosion genes inchide the pUR series of vectors (Rndier 
et al. (1983)), pEXl-3 (Stanley and Luado (1984)) and pMRlOO (Gray et al. (1982)). Vectors 
suitable for the production of intact native inotems inchide pKC30 (Shhnatake and Rosenberg 

35 (1981)), pISX177-3(Aniann and Broedus (1985)) and pET-3(Sti^ and Mof^ Rision 

proteins may be isohded from protdn g^, lyophilized, ground into a powder and used ^ 
preparatioiis. 

M ammalian or odier eukaryotic host cells, such as diose of yeast, filamentous fimgi , plant ^ 
insect, an4ihibian or avian spedes, may also be used for proton expression^ 
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art- Rxamptes of commonly used maimnalhnlKX^ cell lines are VERO and HeLa cells, Chioese 
hamsterovaiy (CHO) cells, and WI38, BHK, and COS celllmes, aldioug^ it will be appreciated by 
die skined poractidoner dot odier prakaiyotic and enkaryotic cells and cell imeg may be appropriate 
for a variety of pmposes, e.g. , to provide hi^ier expression, desirable glycosyladon p^ffr™ or 
S odier features. 

For expresskm in mammalian cells, die ORF seqoeiKre n:iay be figated Co 
promoters, such as die SV40 promote in die pSV2 vector (Mulligan and Berg, 1981), ai^ 
introduced into cdlSf such as monkey COS-1 cells (Ghizman, 1981), to achieve transit or long- 
term expression. To adneve diis, die ORF or a mini gene (a cDNA \inth an intron and its own 
10 promoter) is introduced into enkaryotic expression vectors by conventional tecimiques. Hiese 
vectors are designed to pecrnit die transcrqidon of a cDN A in eokaryodc ceils by providi^ 
r^datray sequences tfiatiidtiate and enhance die transaction of die cDNA^ Vectors containi]^ die 
promoter and enbancer regions of die SV4b CH^ long tenninal repeat 

virus and polyadei^lation and qdida^agnal&o^ 1981; 

IS Gorman etal., 1982). Thelevelof expression oftbecDNA can be iiianipnkted with dusQpe of 

vector, ddier by usirg promoters diat have different activities (for example, die baculovirus pAC373 
can esqiresscDNAs at hi£^ levels in 5. ^j^penia cells (Sunmiers and Sm 1^5)) or by usir« 
vectors that contain promoters amenable to modulation, for example, die glucocorticoid-reqxmsive 
promoter from die nunisernaminary tumor virus (Lee etal., 1982). 

20 Inaddttion, some vectors contain selectable rnarkers such as die gpt (Mulligan and Be^ 

1981) or oeQ(Soudiem and Berg, 1982) bacterial genes. These selectable markers permit selection 
of transfected cdls diat exhibit stable, knig-term expressionof die vectors (and dierefore the 
introduced ORF). The vectors can be maintained in die cells as q)isoma^ fireeiy rq)lica^ 
by usir^g regulatofy dements of viruses such as papilloma (Sarver etal., 1981) or ^^steanrBarr 

25 (Siigdenetal., 1985). Aheniatrvely, ore can also produce cell lines diat have integrated die vector 
mto genomic DN A. Bodi of d^se types of ceH lines produce the gene product on a contimions basis. 
One can also prodiu^e ceU lines diat have amplified die number of copies of die vector (and dierefore 
of die ORF as well) to create cell lines diat can produce hi^Ji levels of the gene product (Alt et aL , 
1978). 

30 The transfer of DNA into eukaryotic, in particular human or odier matnmaH^ n ceQs, is now a 

conventional tedmique. The vectors are introduced into the rec^ient ceils as pure DNA 
(tians fe cti o rO by, for exam^e^ predpitation with calcium phosphate (Graham and vander Eb, 1973) 
or strcHitinm phosphate (Brash etaL, 1987), electioporation (Neumann etd., 1982), Iqiofection 
(Fdgner et al., 1967), DBAE dextran (McCudian et aL, 1968), microiri|ection (Mueller et al., 

35 1978), protoplast foam (Sdiafiier, 1980), or pellet guns (Klein et al., 1987). Altemativdy, die 
cDNA can be introduced by infection widi vims vectors. Systems are devekqied diat use, for 
example, retroviruses (BomsteinetaL, 1985), adenoviruses (Ahmad etal., 1986), or Herpes virus 
(SpaeteetaL, 1982). 
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This inveDtioB encon^asses inpait, recnmbinam clonipg vecfDis die GRF/PACAP 

sequcDoe, or poitiois ttifiieof. The GIIF/PACAP seqaence is operadvdy Iniioe^ 
expiessioii control sequence in die recombinant DNA moleciile so diat die GRF/PACAP polypqidde, 
oraportiondiereof, canbeeiqijressedinahostcell. The expression control sequence may be 
5 selected from die groiqi consisting of sequences diat control die eiqniesskinof genes of prolaiyotic or 
eukaryotic cells and dieir viruses and ccHnbinadons diereof. The expression control sequence may be 
qiecifically selected from a wide grocq> of characterized regulatory sequences, iiyinfting die lac 
system, die trp system, die tac system, the trc system, major operator and promoter regions of phage 
lambda, dieoontrolregionof fii coat protein, die early and late promoters of SV40, promoters 
10 derived from polyoma, adenovirus, retrovirus, bacdovims and simian virus, die pramotn for 

3-plio^iliO£^ycerate tdnase, die promoters of yeast acid phoqthatase , die promoter of die yeast ai^iha- 
mating factors and combinadons dieceof. 

Anodier aspect of die present invention is a host cell containiqg a recombinant vector wfaicb 
encodes die GRF/PACAP precursor polypepd^ or die GRF or PACAP pqitides. 

15 

VBL Formnlatlon of purified peptides for adnmnistratioa to poni^ 

The ducloen GRF/PACAP precursor pdjpepdd^ or die in£vidual GRF or PACAP pqitides 
may be purified from host cells as described above. Alternatively, diese peptides may be chemically 

20 synthesized usii^ common pq>tide synthesis techniques. An exemplary peptide synthesis tedinique 
is described in U.S. Patent No. 5,326,860, vMch is incorporated herein by reference. 

Once purified, diese pei^des may be incorporated into slow-release formulations for 
artminisfraticm to chicks. Such fonimktions include tiie purified peptide and a bioconqiatible matrix^ 
such as cholesterol. Slow rdeasefonnulations may take the form of pellets, v^uch can be 

25 adniinisteredsnbciitaneously, ormaybeprqiarationssoitalde foriiyecti^ The dosage of pqitide 
administeied win vary widi die predicted qieed of rdease in the body, but win be m 
appropxhnate range of 1/cg- lOGtaig for a 2kg chicken. Thus, for example, a penet for subcutaneous 
admiuistrationmay be prqiared by comMningSOnig of powdered cho 

selected pqrtide and cnrnpressang ftie fhim^iarion jmng a Standard pfllet mahHT, The pqitldes may be 
30 pelleted alone or in combination (e.g. pdkts may be made using just purified or withC^F 
coml»ned with PACAP). Formulation of pq)tides into slow release pr^arations may be performed 
accorduD^ to standard techniques, or may be performed by a commercial su|^lier of such materials. 

Vm. Production of antibodies to GRF and PACAP 
35 Monoclonal antibo^es may be produced ^Auch bfaid die chicken GRF/PACAP precursor 

polypqitide or die individual GRF or PACAP peptides (refened to as die "target pqitide") . 
Qptimanv. antibodies raised against any of die peptides would spedficaUy defect die tgffp»t pgyti d^ 
against whidi they were raised. That is, such antibodies would recpgmze and bind that peptide and 
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would not snhstaiitially reoogoize or Iniid to odier p rot gin s fyand in ctwgfcgn ceOs. Hie detenniDadon 
dm an andbody spediBcally detects a paidcular pqidde is made by any one of a number of staoiard 
inmnnKnssaymedK)ds; for instance, die Western blotdngtec^ For 
example, to detennine diat a given antibody preparation (such as oik produced in a mouse) 
S specificafly detects die cJuckenGRF peptide by Western blotting, total cellular protein is extracted 
firam dbicken cdls (for exanq>le , gonad cdls) and dectn^dioresed on a sodium dodecyl sut&te- 
p(dyac^lamide gel. The proteins are di^ tiansfinred to a membrane (for example, nitroceltnlose) 
by Western biottii^, and die antibody prqiaration is incubated with die membrai^ Afterwashing 
die membrane to remove non-^ecifically bound antibodies, die presence of specifically bound 

10 . andhndies is detected hy the nse fif an anri-tmwge antilmrty ymjig^te^ fn an ewgymp 35 anralmp^ 

pbo^iialase; application of die substrate 5-fanimo-4-ch]on>-3-indQlyl pboqpiiate/nitco bfaie tetrazolhmi 
results in die producdm of a dense bhie compoimd by immnno4ocalized al^^ 
Antibodies ^ddch q^edficafly detect die (3tF pqitide will, by d^ 

GRF peptide band (which will be localized at a pvmpositimiQndie gel determlngd Hy its ninlf>miar 
15 weig^). Non-specificbindingof die antibody to other pitytetns may occur and may be de 

a weak signal on die Western blot The ncHi-specific nature of diis billing will be reccj^inzed by oik 

skilled in the ait by die weak signal obtained on die Weston blot relative to the stroqg primary 

signal arising torn the qiedfic antibody-<jRF pqrtide binding. 

Substantially pure target peptide suitable for use as animmunogen is isolated from die 
20. tiansfiscted or transformed cells as described above. Ccncentradonof die target peptide m die final 

prqiaratian is a dj u st ed, for exam^e, by concenttadon on an Amicon filter device, to the level of a 

few milligrams per millifiter. Monockmalantibody to. die target pqitide can dien be prepared as 

follows: 

Monoctonal antibody to qntopes of die target peptide identified and i« 
25 be prqiared from murine hybridomas according to die classical method of KoUer and Milstein 
(1975) or derivative mediods thereof. Briefly, a mouse is rqietitively inoculated widi a few 
micrograms of the target peptide over a period of a few weeks. The mouse is dien sacrificed, and 
the antibody-^irodudqg cells of die qileen isolated. The ^leen cells are fosed by means of 
pdyedi^ene glycol widi mouse myelona cells, and die excess unfosed cells destroyed by growdi of 
30 die system on selective media conqirisii^aininqpterin (HAT media). The successfriDy frised ceils 
are diluted and aliquots of die dihition placed in wells of a microtiter plate \i^iere growth of die 
culture is cootiiitted. Anribody-pmdncii^ cTmies ate Identified hy d^^r^yyn of antibody in die 
supernatant fluid of die wells by immunoassay procedures, suchas EUSA, as originally described 
by Epgvall (1980), and derivative mediods diereof. Selected positive clones can be expaixled and 
35 dieir monoclonal antibo^ product harvested for use. Detailed procedures for monoclonal antibody 
production are described in Harlow and Lane (1988). 

Monocbnal antibodies raised against d^ chickm PACAP, GRF or PAC AP/GRF precursor 
peptides are usefol in puriiying diese peptides and in deiectii^ die preseix:e of diese peptides using 
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sttndard h indwmifail Nrfmiqneg (eitrfi a« rai«nimimiiinac«iy P^A) For exaitq>le. Hie antibodies 

0197 be used to qantify levds of PACAP or GRF inpcmbiy to irfiidi pqttk^ 

5 K. Introdai^ of QRF/PACAP gene into po^ 

The present invendon also &dlitates die piDdaction of traDsgemc poultry, e^qnressiflg elevated 
levels of GRF and/or PACAP. A vector espresso^ die desired pq)tide may be produced as 
desraibed in Secdon V above. It may be desirable to produce a construct expressing die 
GRF/PAC AP pdypqitide (or die inffividnal GRF or PACAP polypeptides) under die control of die 

10 native GRF/PACAP gene fmrnioter, such diat die introduced constnict ogresses 

in die same ceHs and at die saniedevdppinenlal stages as die native pq^^ Xhismay 
be achieved by opefaUy linkiqg die 5' promoter regionof die GRF/PAC AP gene ^doidfied as 
nucleotide nuiid)ers 1 to 3074 of Seq. LD. No. 1) to die selected OR^^ While nucleotides 1 to 3074 
are known to include r^ns controlling die expresacnof die native GStF/PACAP gene, ok of skin 

15 in the art will also recognize diat less than this entire sequence may provide satis&ctory regulation of 
gene oqnession. Similarly all or part ofdie nucleotide sequence located 3' of die native 
GRF/PACAP goie (represented as imcleotide mmdiers 6201 to 6529 of Seq. I.D. No. 1) may be 
operaldy linked to die 3* end of die selected ORE. 

Hig^ or constitutive levels of GRF or PACAP expression may be obtained by usipg 

20 GRF/PACAP constructs in winch die open readipg frame is qperably linked to a promoter known to 
direct hig^ level or co n s t ituti v e expression of do w nstream gene sequences. Promoter seqoeices 
speciSc for particular tissues (e.g. brain or gonads) or particular developmental stages may also be 
enqikiyed. 

These recombinant vectors can dien be introduced into chickeis. Standard methods of 
25 producing transgenic fish are not suitable for use in diickens, in part because chkkenova are icaify 
inq)0ssible to obtain as diey are fertilized inside die hen and begin to divi^ r^tidly long before diey 
are laid as ^gs. Recendy, new ai^iroaches have be^ devdoped, inrinHing embryonic stem cell 
niedK)ds (Pain etaL, 19%) and primonlial germ ceU(PGQ isolation (Chang PGCs 
are the precursors to ova and speim; diey are formed in die hypoldast, then move throng the blood 
30 to die genital lidge ^lere diey setde and remahi in die gonads. PGCs may dms be found in die 

blood of ducken embryos, and nay be separated frcmi die blood cells using a Gm 
constnicts may be introduced into die PGCs usii^ a l^M carrier and die injected P 
host embryos. The host embryos are then incidnted, hatdied and allowed to inature to rqi^^ 
age. Thesediickens wiU have extra copies of die gene only in didr^gsaiiil g^rm , aiwl may lv^ 
35 bred conventionally to produce chicks ^cfa have die itttrodiK^dgen^const^ 

(die presence of die construct can readily be detected usii% standard PCR techniques). Successfol 
transfer of PGCs from one chicken to anodier has already beoi achieved widi a hatdi rate of 1 8-30 % 
(Naitoetal., 1994). 
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Accaidllli^y, die p-eseiit invoitimi indiides rec nmhinant nWA mnlfr^l^ tfnt inchlde 
seqaoMxs eoco^ dudra CHftF or P ACAP peptides or a GRF/P AC AP precmsor polypeptUe, as 
wen as tran^anc non^nnnan amnials ^idieretii die genome of these g^imnaijB jiy ^fa ^fpg sudli a 
lecomUnant DNA moleciile. 

5 

X. Qaniiig of rdated genes from other qiecfes 

This iiivaition provides die imdeodcte seqDaK:e of die chidoen GRPfPACAP gene, as well as 
rggolatory se q uences as so d at ed widi dns gene. These nucleotide sequences may now be used to 
obtain oonespoidii^ and related sequences from odiersi^^ For example, die dudoen 
10 GRF/PACAP gene sequence may be used as a hybndizatiQn probe to isolate cone^idiQg 

neuropeptide genes from odier avian species* such as turkey. Rdated avian neuropeptide gei^ may 
altenadvdy be obtained using primm derived fr^ 

widi standard gene amplificarion tedmiqnes. Hybridization probes and anipiificadonprimeisnsefrd 
in such techniques and derived from die disdosed nudeodde sequences are part of die present 
15 invention. 

By way of exanq)le, relatedaviani^orop^nidegenesmay be obtained by creating a library 
of avian cDNA or gnomic DNA in a plasmid, bacteriq^ge or phagemiH vector and screening this 
library widi a hybridizadon probe using standard colony hybridization techniques. The hybridization 
probe consists of an oligonucleotide derived from die chicken GRF/PACAP gene g^i^^rny labeled 

20 widi a snitabte marker to enaUe detection of hybridizu^dones. Suitable markers indnde 

r adionuclides , such as P-32 and non-radioactive markers, such as biotin. Mediods for constructipg 
suitable libraries, production and l a hdlin g of oKgonudeotide pmihes awi cnlnny hyVi ^ T a don are 
standard laboratory inocedures and are described in standard laboratory manuals sodi as Sambrook 
etaL (1989) and AusnbdetaL (1987). 

25 Haviog identified a done diat hybridizes widi die oHgonudeotide, die cloiv is se^uoced 

using standard mediodssndi as described in Chapter 13 of Sambrook etal. (1989). Determination of 
die translation initiation point of the DNA sequence enables die open reading frame of the cDNA to 
be determined. 

An ahemative approach to cloniqg genes homologous to die disclosed chicken nucleotide 
30 sequences is die use of die pol^fmerase chain reaction (PCR). In particular, dK inverse polymerase 
diain reaction (IPCR) is useM to isc^ DNA sequoicesfiankii^ a known seqi^^ Mediodsfrir 
amplificatio n of flankn^g sequences by IPCR are described in Chq)ter . 27 of Innis et al. (1990). 

AcGOfdm^y, widun die scope of dns invention are sniaU DNA nudecdes 
from die disdosed ducken nucleotide sequence. SiK:h small DNA molecules iivhide 
35 oligonudeotides suitable for use as hybridization probes or polymerase diain reaction (PCIQ 
primers. For use in g^ amplification techniques, diese digomcleotides wi^ 
contignousstretdiofatleast 10-15 nucleotides of die chicken sequences shown in Seq. I.D. No. lor 
die salmon sequence diown in Seq. I.D. Nos. 8 or 9. F6r use as hybridization probes, diese 
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oligonucleotides will preferably canqirise a ccrndgooiis wretch of at least 20-30 imdeoddes of Hiese 
seqnenoes. 

Also epcmqia5sed in the present tnvenrinn arg nacJienfi^ SfgofPffS vAnth m homologOTiS tO 
die dnc^eii GRF/PACAP piecoisor polypqrtide gene and V9bkh liyfaiidize to Ads sequence, or a 
5 firagment diereof , under strin^nt hybri^zation conditions. Hyteidization oondituxns lesnltiog in 
particular degrees of stiingeocy win vary dqiending xspon. dte nature of die hybridization metbod of 
(^ice and the conqx)sition and loigth of tbe hybridizing DN A Generally, the ten^jeratme of 
hybridization and the ionic strei^ (eq)ecially die Na^ concentratioiO of die hybridization bufier 
will detennine the stringency of hybri^zatian. Calculations regarding l^bridization oonditiois 

10 xeqmied feattainii^ particular degrees of stringency are discussed by (1989), 
charters 9 and 11, herein incQiporated by reference. By way of iUnstration only, a hybridization 
e^ierimait may be performed by hybri<£zadan of a DNA molecule to a taxgel PNA molecule which 
has been electrophoresed in an aganise gd and transferred to a mtroce^^ 
blottmg (Soudiem, 1975), a tediniqne well laiown in die art and described in (Sambiook^ 

15 1989). Hybridization widi a target probe bbeled with [^]-dCTP is generally carried out in a 
sohtdon of high ionic str^igdi such as SxSSC at a temperature that is 20-25''C below die meldng 
temperature, 7^, described below. For sudi Soudiem l^fteidization esqieriments where die target 
DNA molecule on die Soudiem blot contains 10 ng of DNA or more, hybridzaticm is typically 
carried out for 6-8 hours using l-2ng/mlradiolabeledprobe(of specific activity equal to 

20 10^ CPM/fig or greater). FoDowii^ hybridization, the nitrocelhilose filter is washed to remove 
background bybtidizadon. The washing conditions should be as stringent as possible to remove 

hackgimmd hyjiridizatifm hnt tn retaiii a qierifir. hyhri^T^ri^ ffgnal The term r„ repteSNltS the 
temperature above vMdti, under die prevailing ionic conditions, the radiolabeled probe molecule will 
not hybridize to its target DNA moflecule. The r„of snchahybridnudeculemaybeestunatedfiam 
25 the fonowiqg equation (Bdton and McCard^, 1962): 

r„ = 81.5**C - 16.6aog«,[Na*]) + 0.41(%G+Q - 0.63(% formamide) - (600/1) 

Where / = die leqgdi of die hybrid in base paks. 
30 This equation is valid for concentrations of Na"** in die range of 0.01 M to 0.4 M, and it k less 

accurate for calculations of 2^ in sohitions of hi^r [Na^]. The equation is also primarily vaUd for 
DNAs ^«tose G+C content is m die range of 30% to 75%, and it j^hes to hybrids greater dian 
100 nucleotides in lengdi (die behavior ofo]igonucleotidepn>bes is described in detai 11 of 

SamlnrooketaL, 1989). 

35 Tfans, by way of example, for a 150 base pair DNA probe derived die open reading fi:ame of 

the chi<^(^/PACAP precursor polypeptide gene (widi a hypodietical %GC »45%), a 
calculation of hybridization conditions required to give paitkular stiipgencies may be twaifft as 
follows: 



1 
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Far dus exanqde, it is assumed dial the filter be washed in 0. 3 xSSC sohition following 
hyhridiTaticin, diereby 
[NaT = 0.045M 
%GC = 45% 

Fonnamide concentratiQn — 0 
/ = 150 base pairs 

= 81.5 . 16(log,o[Na*]) + (PAlxAS^-^^ 
aiidsor„ = 74.4**C. 

Tlier„of dooble-stiaiidedDN A decreases by M.S^'C widi every 1% decrease in homology 
(Bonner etal., 1973). llierefore, for diis given example, washing die filter 
59.4-64.4'*C win produce a sdaQgency of hybridizadon equivalent to 90%; diat is, oligomideotides 
widi more dian 10% seqinnce variation relative to die target seqiieiK^e wi^ 
hybridization conditions may be referred to as "conations of 90% ^ringeiKy"). Aiteniatively, 
washing die hybridized filter in 0.3 xSSC at a tenq^nannre of 65.4-68.4X wiU yield a hybridization 
stripgencyof 94% (conditions of 94% stripgency); diatis, Qligonocleoddes widi more dian 6% 
sequence variation rdative to die target sequence will not hybridize. The above exanqxle is given 
entirely by way of dieoretical illostration. €h£ skilled in die art will iqypreciate diat odier 
hybridization techniques may be ntiltzed and diat variations in e^qierimental conditioiK will 
necessitate attemative calculations for stringency. 

The present inventions encompasses nudeic acid molecales ^^uch hybridize to die spedfo 
nndeic add molecules presented in die accompaiQfing sequence hstii^ under conditions of Wgh 
stringency. In preferred embodimerUs of die preseitt invention, stripgent conditions are diose under 
viMch DNA molecules widimore dian25% sequence variation (also tenned "mismatdi'') vrill iK>t 
hybridize. Such hybri&ation canditions dms represent conditjons of 75% iarii^g en c y. Inamore 
preferred embodiment, stringent conditions are diose under vi^uch DNA molecules widi more dian 
10% mismatch will not hybridize (conditioiK of 90% striqgeocy). 
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SBQUENCE LISTING 

(1) (^NERAL INFOPMATION 

(1) APPLICANT: SHERWOOD ET AL. 

5 (ii) TITLE OF INVENTION: CHICKEN NEX7R0PEPTIDE GENE USEFUL 

FOR IMPROVED POULTRY PRODUCTION 

(iii) NUMBER OF SEQUENCES: 20 

10 (iv) CORRESPONDENCE ADDRESS: 

<A) ADDRESSEE: Klarquist Sparkman Caiopbell Leigh & 
Whinston, LLP 

(B) STREET: One World Trade Center 
15 121 S.W. Salmon Street 

Suite 1600 

(C) CITY: Portland 

(D) STATE: Oregon 

(E) COUNTRY: United States of America 
20 (F) ZIP: 97204-2988 

<V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Disk, 3-1/2 inch 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: MS DOS 

25 (D) SOFTWARE: WordPerfect 7.0 & ASCII 

(Vi) CURRENT APPLICATION DATA: 

(A) TO^PLICATION NUMBER: 08/789,329 

(B) FILING DATE: 01/23/97 

(C) CLASSIFICATION: 

30 (Vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Barp, David J. 

35 (B) REGISTRATION NUMBER: 41,401 

(C) REFERENCE/DOCKET NUMBER: 2847-46468/DJE 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (503) 226-7391 

(B) TELEFAX: (503) 228-9446 

40 

(2) INFORMATION FOR SBQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6529 bp 

(B) TYPE: nucleic acid 
45 (C) STRANDEDNESS: doiible 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID N0:1: 

tttttcccac agtaacaatt ctggttgaaa taataaaaag gattattttt tggatatgtt 60 
aaatactgaa attttgattt ttggactctg gtgtaatttt ttttcctggg ggttccttgc 120 
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taccaagtgt aagtatatta ttgacttttg 
atttatatat ttggggtgtt tctctgagat 
agcctcagca agacttgaga tcaccctaaa 
atccttgagt tagccttctc tgatgt:ttaa 
5 gacacaatga caaggaaggt atgagcacag 
actcagataa aataaagctg ' ttgtcaataa 
aagtaagtaa ctctgttctg aatatatcta 
gttcgtgttc tggaccaggg attgcgtggg 
ctttcttcaa attctcagtg tagaatgttt 

10 gtaaatacag gggtataggt ttaaagttct 
acagagtttg gagaaaaggc aatctgcatt 
tt:cttcatgc tacattaaaa gcttcacaag 
gtgaacagcg ctattagtca ttacactcaa 
aagaagcagc agtagggaga gctgaatcac 

15 atcatttgca ctgctgttct ggaacacagc 
acaaaagttc ccaatcacgg gtctcgagtc 
caattcgaat atagtgagtc gtattacgcg 
gactgggaaa ccctggcgtt acccaactta 
gctggcgtat agcgaagagg cccgcaccga 

20 tggcgaatgg gacgcgccct gtagcgctca 
ggctccttta ggttcx:gat:t agtgctttac 
ggtgatggtt cacgtagtgg cctacgccct 
ggagtccacg ttctttaata gtggactctt 
ctcggtctat tcttttgatt tataagggat 

25 tgagctgatt taacaaaaat ttaacgcgaa 
ggtggcactt ttcggggaaa tgtgcgcggg 
aaatatgtat ccgctcatga gacaataacc 
ttacaatggc gaagaaaact atacatcccc 
ccaagagatc gatgtcaaga gatcgcctag 

30 aagtatacaa gaagaattaa ctcaatgtga 
ctcctaccct ctgatctggg cttcttccta 
tcagcccttt ataagagtgt gattttagcc 
gtcggatact gtgggttcag taccgtgcat 
agcatgcatg ctagctagct attctttatt 

35 gtttggattt tacgacgtct tgcatacgca 
cctaaactaa aaataattaa gcccattact 
tctttgcaac tgagcaaaag ctgtccttca 
attagtgaac agcgctatta gtcattiacac 
cctgggggaa gaagcaggag taggggagaa 

40 taatgaaaaa gctcattaat ggatgctgtt 
attaaaaaga tgacaaaagt tcccaaggac 
gccaggacat tgcaggactg aactttctct 
agaggaaatg ggatttgtcc acagtaacca 
tctggatatg tttaaaatac tgagacttta 

45 tttccgatgc tagcatcgat gctagctggg 



aatccgatgg 


gcttttagaa 


aaaggagtta 


180 


atttcactcc 


atgaaaacag 


atttcttcta 


240 


atgtatgcat 


tgttcttgtt 


ttccataagc 


300 


atgtagggag 


gtgaccagaa 


tttgctctga 


360 


aattacagaa 


agggaaaaaa 


tacatattct 


420 


catgatttat 


tcaaactcct 


cat:ctatggg 


480 


ctgtctataa 


ctcgacagat 


cagttctgca 


540 


gtgcactggg 


cacaaccaca 


tctttgattt 


600 


ttatattacc 


tcaaaagctt 


gagatacaag 


660 


gtg^aag^gt 


ggggaaaata 


tctccacatc 


720 


tgctgatgtg 


cacatacaaa 


tttctatggg 


780 


gaatctttcc 


ccaacttcca 


gcgttgatta 


840 


tatacttggt 


gtccttcctt 


gattttcctg 


900 


gagttttcct 


catatttttc 


ttaatgaaaa 


960 


accaggtaat 


gtcaacacat 


tagaaagatg 


1020 


agctcccttt 


agtgaggtta 


attgagcttc 


1080 


cgctcactgg 


ccgtcgtttt 


acaacgtcgt 


1140 


atcgccttgc 


agcacatccc 


cctttcgcca 


1200 


tcgcccaacc 


caacagttgc 


gcagcctgaa 


1260 


ttaagcgcgg 


cgggaagctc 


taaatcgggg 


1320 


ggcacctcga 


ccccaaaaaa 


acttgattag 


1380 


gatagacggt 


ttttttcgcc 


ctttgacgtt 


1440 


gttccaaact 


ggaacaacac 


tcaaccctat 


1500 


tttgccgatt 


tcggcctatt 


ggttaaaaaa 


1560 


ttttaacaaa 


atattaacgc 


ttacaattta 


1620 


gcccctattg 


tttatttttc 


taatacattc 


1680 


ctgataaatg 


cttcagtaat 


attgcataat 


1740 


ccccagacaa 


tctagggtgt: 


ctctctacct 


1800 


aacatcgtat 


tatctctttc 


ccggagaggc 


1860 


agaatacatc 


ttagagggat 


tatiacgatga 


1920 


tcgcgcactc 


tgagagaagc 


aacx;gagaat 


1980 


aaaatgaatt 


ccatcccacc 


catcccaaaa 


2040 


cgatcgatcg 


atggagcatg 


catcgatgct 


2100 


tttttttttg 


tatgctagat 


aaagctttcg 


2160 


ctgaacttga 


cattgacatc 


tctttgcaca 


2220 


catcctcaga 


gaaccaaggt 


aa^caaggag 


2280 


gaaggaatct 


ttccccaact 


tccagcgttg 


2340 


tcaatatact 


tggtgtcctt 


ccttgatttt 


2400 


ctgaatcacg 


agttttcctc 


atatttttct 


2460 


ctggaacaca 


ggaccaggta 


atgtcaaaac 


2520 


ggatctcgag 


tcgactcaca 


accagaggtt 


2580 


ttcaaccctc 


caatctattt 


tgagctctcc 


2640 


ctgtggctga 


gataataaac 


tgcattactc 


2700 


atatgatttt 


tgcatctcag 


tgtaatttct 


2760 


cgggttatca 


tgcccaacgt 


cgtagctgtg 


2820 
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ataaaaaaaa atgacgtctg tgctgtagct 
gtgtgtgact ccgtgctgat gctgtgcttg 
tgtgagttgc agcttcgcat ttgcagactc 
tttaatataa atttggggtg tttctctgaa 
5 cttctaagcc tcagGCGAAT ATTGACAGCC 
ATTCCCTAAC CACCCAACAA CTCTCTGCGC 
AAAAGCCGGG AGCCCTTTGA CTCTTTCGGC 
CCCCTCCTCT CTGGGGTTTT TCTCCTTTTT 
GCTCTCAGTG CCGGGTGTCA CAgtgtgtaa 

10 tgccttgttc ttgtttcagt agtacagagt 
gttagcttct ctgatttggg tgtaggagtg 
TGACTGGCAA TGTGTATAAA ACGCTCTTAA 
GCAACGTCTA CTGCTCACCC GACCGTTGGA 
cagtgcaata tgctactctc acatcaggct 

IS gtgctgttaa gtggaattac tgagtaggtg 
cagtggatca gcccatctac cccctgcaca 
ccctgccacc ccatgctgcc ccacacagtc 
actgtgctgc caccatccga cactccrtcta 
tgtaataggc tgcatgctgt tttgtaatag 

20 tggctcctgc aacgataaga atgttctaat 
taattctaaa ctatggataa cctcagtgat 
tggggtttac gtttctggac atggggtcgt 
ccctaaaccc tgacacattt gggacataac 
gttgtgacaa acaacctgga gcacagagaa 

25 gattgtagct cagcagcact ccgtgaaact 
tccactgagc acaaatggaa atgagggtgg 
^9999<^tgac tcctcccatg ggcctgccaa 
gtgttagtgt agaggagggg ccatggaaca 
tggattgcac tttcal:aatt tatttctcta 

30 aaaaatctag ggaaatgata tttttattct 
aatgggagat tacaagtata tctgttggtc 
catgatggca cctccttgtg cagccaagcc 
tgctctcctt gcctttgtgt tttgatagga 
ctgtatgggg ttaagaagac tcgtcacgct 

35 cccgcacggt cccgcggcgg ggacggggct 
accgcagCTG GAGGAGGAGG TATACGACGA 
ACGAGCAGGA GCCCCTGGGG GTGGCGGGCC 
GTACTACCCG CCGGGAAAGA Ggtgacagag 
gggaatggga aacctaaggg cccccggggg 

40 ctgggctgcg cgagcggggg aggggggtgg 
acgggccgtg ccccggcagG CACGCCGATG 
TGGGCCAGCT GTCCGCAAGA AATTACCTGC 
ggctgcggcg ggacgggagc gaacaaagcg 
attctccccg cggtgctctg ccggaacgag 

45 ctcccgcggg gcagccccgg gtggtgccat 



gatcgatgca 


tgcatgaata 


aaaaaagtgt 


2880 


gggctttctt 


gctaccaagt 


gtaagtgcta 


2940 


c^atigggcaa 


ctrttagaaa 


aaggagttaa 


3000 


ga^at: t: t^cac 


tzccacagt: ga 


aaacagattt 


3060 




TTCCTTTATT 


TGTCGAGTCG 


3120 


TTCTGCGCCT 


TCTTCATCCT 


TGCCCAGCGG 


3180 


CliCAACTTGG 


GGAGAXAGCT 


CTATTTTTCC 


3240 


CCTCTCTCCC 


TTTCCCTTCC 


GCAGCCACAC 


3300 


atcaagact:t 


gaggatcacc 


ctaaggtgta 


3360 


gaatgaaaaa 


ccactggata 


agcatgttga 


3420 


acaagaa'C'Ct 


gctctgagac 


acagGTTTCA 


3480 


CCCTCCTGGT 


CTATGGATTA 


ATAATGCATT 


3540 


CTCCAGTACC 


CGGCGCTAAG 


gtgagtctgt 


3600 


ctgtgtcaca 


agtcatctgc 


caatetatca 


3660 


cttggcccac 


caaggctgag 


aatccagctg 


3720 


cacgtgtgga 


ttcaccccat 


cccctgccaa 


3780 


cctataggga 


tgaggctctc 


ccaccagggg 


3840 


gcaaccaagc 


aaccaaccaa 


attggtgttt 


3900 


gaaatataga 


tgattctact 


ttattctccc 


3960 


tcattattaa 


tttgttcctt 


ctatttctgg 


4020 


gccattagca 


atacctcgag 


gactacgaga 


4060 


ggaggcagcc 


cctctggcca 


taaggtggtt 


4140 


tggtacttgc 


cattcaca*c"t 


gggttacagt 


4200 


atcgtggcta 


gttatttgtc 


tggtgtaaat 


4260 


mm,M ^ A* m, ^ ^ ^ 

tgcciiacrcc 


atctgtttat 


ggatttactc 


4320 


gagcagggcc 


tagggtcttc 


tgccagcacc 


4380 


ggcctgcagt 


gacattctgc 


aagctagctg 


4440 


^tacatctcc 


aaaaggtact 


ttttcgatct 


4500 


ttcaaatgat 


tgattgaaga 


acagttgtta 


4560 


tctgtaaaat 


acaaacttat 


ctgggtgaaa 


4620 


tctggaggaa 


attagctgca 


acccgtgtgg 


4680 


titzctigli'tagg 


ctttccgttic 


atctagaaag 


4740 


a^ gac^ cc t c 


i ii 1 111 1 ■ t . . > 

CuHrgccact 


cttatttcca 


4800 


gggctgagca 


ctggagcgag 


ctcgctccgt 


4860 


ggggacgtcc 


ggctgagccc 


gcccgtgctt 


4920 




TV r^f^'PTvr'Tv f^r^ 


ACTTCGCACT 


4980 




TGGGGCAGGT 


GTACGGCGCT 


5040 


gggcgccgga 


'tagggccggg 


gggggagggg 


5100 


aggccgggaa 


atatcgtaat 


tccgccccac 


5160 


ggagggaggg 


cgcctcgggg 


atgggcgctg 


5220 


GGATCTTCAG 


CAAAGCCTAC 


AGGAAACTCC 


5280 


ACTCCCTGAT 


GGCCAAGCGG 


GTCGGgtaag 


5340 


cggcgcgcgg 


cggccggggc 


ggggcggccc 


5400 


agaggcggcc 


gcacccgggg 


ctcggcgtcc 


5460 


cggagcgaac 


cccccccggg 


aacgcgatgc 


5520 
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ataatgcatg gggggggggg ggggagacgt ctcgctccgg cccggccccg ccctttgtct 5580 
gccgggagat gcggggccgg ggcgggggtt agggccgggg ttggggttgg ggttgggtta 5640 
gggccgggtt gggtcgggcc cgggagggcc cctcctgatg gttgtgtcct tctcggtgct 5700 
ttgcagCGGT GCCAGCAGC6 GCCTGGGGGA CGAGGCGGAA CCGCTCAGCA AGCGCCACAT 5760 
5 ASACGGCATC TTCACGGACA GCTACAGCCG CZACCGGAAA CAAATGGCTG TCA7\GAAAIA 5820 
CTXAGCGGCC GTCCTGGGGA AAAGGTATAA ACAAAGAGTT AAAAACAAAG OUTGCCGAGT 5880 
AGCGTATTTG TAGgatgagc aaccgccgct gccgtgcgta gtcctgagag agagagagag 5940 
agagagagag agattgagag agagagagag agagagagag acccaaccac cccaacccaa 6000 
acaaaagtca tttccaaagt gacggaacga ccgccgctcc cgtgttcccc aaacatgtat 6060 

10 ttatgtataa gtaagccatt aaatgaataa tattttgata ataatatggt tttcttttgt 6120 
acgaaagcac agatctactt tgtggaccaa tccttgagtt atatatgaga tagaatatat 6180 
atatataata ctgctactaa agagcgattc ttcataccaa gctgcaccag gacgagagtt 6240 
cgcctgagct gttagttttt atagaaaaca aatagacgaa aaaaaaaaaa aagacaatca 6300 
ccgcttccaa cagcgctcct atttttgtaa cggaaacgaa aagggcactg tttttattgc 6360 

15 cacgggggcg aacacctcag ttctcaccgt gtgcgctgtg atagggaggg ctcacgcagc 6420 
aggggtcccc ccggcctcga tctctctctc tatttccccc acccccccct tttttttttt 6480 
tccctttgat tccggtccta tccgtatcag tcctcctcag agcgatgag 6529 
(2) INFORMMION FOR SEQ ID NO: 2: 
<i) SEQUENCE CH7VRACTERISTICS: 

20 (A) LENGTH: 1088 bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
25 gcgaatattg acagcccccc ttttttttcc tttatttgtc gagtcgattc cctaaccacc 60 
caacaactct ctgcgcttct gcgccttctt catccttgcc cagcggaaaa gccgggagcc 120 
ctttgactct ttcggccgca acttggggag atagctctat ttttcccccc tcctctctgg 180 
ggtttttctc ctttttcctc tctccctttc ccttccgcag ccacacgctc tcagtgccgg 240 
gtgtcacagt ttcATGAGTG GCAATGTGTA TAAAACGCTC TTAACCCTCC TGGTCTATGG 300 
30 ATTAAXAATG CATTGCAACG TCTACTGCTC ACCCGACCGT TGGACTCCAG TACCCGGCGC 360 
TAAGCTGGAG GAGGAGGTAT ACGACGAGGA CGGCAATACC CTACAGGACT TCGCACTACG 420 
AGCAGGAGCC CCTGGGGGTG GCGGGCCGCG CCCGCGCTGG GGCAGGTGTA CGGCGCTGTA 480 
CTACCCGCCG GGAAAGAGGC ACGCCGATGG GATCTTCAGC AAAGCCTACA GGAAACTCCT 540 
GGGCCAGCTG TCCGCAAGAA ATTACCTGCA CTCCCTGftTG GCCAAGCGGG TCGGCGGTGC 600 
35 CAGCAGCGGC CTGGGGGACG AGGCGGAACC GCTCAGCAAG CGCCACATT^G ACGGCATCTT 660 
CACGGACAGC TACAGCCGCT ACCGGAAACA AATGGCTGTC AAGAAATACT TAGCGGCCGT 720 
CCTGGGGAAA AGGXAXAAAC AAAGAGTTAA AAACAAAGGA CGCCGaGTAG CGTATTTGTA 780 
Ggatgagcaa ccgccgctgc cgtgcgtagt cctgagagag agagagagag agagagagag 840 
attgagagag agagagagag agagagagac ccaaccaccc caacccaaac aaaagtcatt 900 
tccaaagtga cggaacgacc gccgctcccg tgttccccaa acatgtattt atgtataagt 960 
aagccattaa atgaataata ttttgataat aatatggttt tcttttgtac gaaagcacag 1020 
atctactttg tggaccaatc cttgagttat atatgagata gaatatatat atataatact 1080 
gctactaa 1088 



40 



45 



(2) INFORMATION FOR SEQ ID NO: 3: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 175 aa 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOIiOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID N0:3: 

Met Ser Gly Asn Val Tyr Lys Thr Leu Leu Thr Leu Leu Val Tyr Gly 
15 10 15 

Leu lie Met His Cys Asn Val Tyr Cys Ser Pro Asp Arg Trp Thr Pro 
20 25 30 

Val Pro Gly Ala Lys Leu Glu Glu Glu Val Tyr Asp Glu Asp Gly Asn 
35 40 45 

Thr Leu Gin Asp Phe Ala Leu Arg Ala Gly Ala Pro Gly Gly Gly Gly 
50 55 60 

Pro Arg Pro Arg Trp Gly Arg Cys Thr Ala Leu Tyr Tyr Pro Pro Gly 
65 70 75 80 

Lys Arg His Ala Asp Gly lie Phe Ser Lys Ala Tyr Arg Lys Leu Leu 
85 90 95 

Gly Gin Leu Ser Ala Arg Asn Tyr Leu His Ser Leu Met Ala Lys Arg 
100 105 110 

Val Gly Gly Ala Ser Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser 
115 120 125 

Lys Arg His lie Asp Gly He Phe Thr Asp Ser Tyr Ser Arg Tyr Arg 
130 135 140 

Lys Gin Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg 
145 150 155 160 

Tyr Lys Gin Arg Val Lys Asn Lys Gly Arg Arg Val Ala Tyr Leu 
165 170 175 



(2) INFORMATION FOR SBQ ID NO: 4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 aa 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

His Ala Asp Gly He Phe Ser Lys Ala Tyr Arg Lys Leu Leu Gly Gin 
15 10 15 

Leu Ser Ala Arg Asn Tyr Leu His Ser Leu Met Ala Lys Arg Val Gly 
20 25 30 

Gly Ala Ser Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser 
35 40 45 

(2) INFORMATION FOR SBQ ID NO: 5: 
(i) SEQUENCE CH7VRACTERISTICS: 

(A) LENGTH: 38 aa 
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(B) TYPE: amino acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 5: 

His lie Asp Gly lie Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin 
15 10 15 

Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg Tyr Lys 
20 25 30 

Gin Arg Val Lys Asn Lys 
35 



IS 

(2) INFORMATION FOR SBQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1079 bp 



(B) TYPE: nucleic acid 



20 


(C) 


STRANDBDNESS: double 










(D) 


TOPOLOGY: 


linear 










(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 6: 










gcgaatattg 


acagcccccc 


ttttttttcc tttatttgtc 


gagtcgattc 


cctaaccacc 


60 




caacaactct 


ctgcgcttct 


gcgccttctt catccttgcc 


cagcggaaaa 


gccgggagcc 


120 


25 


ctttgactct 


ttcggccgca 


acttggggag atagctctat 


ttttcccccc 


tcctctctgg 


180 




ggtttttctc 


ctttttcctc 


tctccctttc ccttccgcag 


ccacacgctc 


tcagtgccgg 


240 




gtgtcacagt 


ttcATGAGTG 


6CAATGTGTA TA7AACGCTC 


TTAACCCTCC 


TGGTCTATGG 


300 




ATTAMAATG 


CATTGCAACG 


TCTACTGCTC ACCCGACCGT 


TGGACTCCAG 


TACCCGGCGC 


360 




TAAGCTGGAG 


GAGGAGGTAT 


ACGACGAGGA CGGGAATACC 


CTACAGGACT 


TCGCACTACG 


420 


30 


AGCAGGAGCC 


CCTGGGGGTG 


GCGGGCCGCG CCCGCGCTGG 


GGCAGGTGTA 


CGGCGCTGTA 


480 




CTACCCGCCG 


GGAAAGAGGC 


ACGCCGATGG GATCTTCAGC 


AAAGCCTACA 


GGAAACTCCT 


540 




GGGCCAGCTG 


TCCGCAAGAA 


ATTACCTGCA CTCCCTGATG 


GCCAAGCGGG 


TCGGCAGCGG 


600 




CCTGGGGGAC 


GAGGCGGAAC 


CGCTCAGCAA GCGCCACATA 


GACGGCATCT 


TCACGGACAG 


660 




CTACAGCCGC 


TACCGGAAAC 


AAATGGCTGT CAAGAAAXAC 


TTAGCGGCCG 


TCCTGGGGAA 


720 


35 


AAGGTATAAA 


CAAAGAGTTA 


AAAACAAAGG ACGCCGAGTA 


GCGTATTTGT 


AGgatgagca 


780 




accgccgctg 


ccgtgcgtag 


tcctgagaga gagagagaga 


gagagagaga 


gattgagaga 


840 




gagagagaga 


gagagagaga 


cccaaccacc ccaacccaaa 


caaaagtcat 


ttccaaagtg 


900 




acggaacgac 


cgccgctccc 


gtgttcccca aacatgtatt 


tatgtataag 


taagccatta 


960 




aatgaataat 


attttgataa 


taatatggtt ttcttttgta 


cgaaagcaca 


gatctacttt 


1020 


40 


gtggaccaat 


ccttgagtta 


tatatgagat agaatatata 


tatataatac 


tgctactaa 


1079 



(2) INFORMATION FOR SBQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 172 aa 
45 (B) TYPE: amino acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
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Met Ser Gly Asn Val Tyr Lys Thr Leu Leu Thr Leu Leu Val Tyr Gly 
15 10 15 

Leu lie Met His Cys Asn Val Tyr Cys Ser Pro Asp Arg Trp Thr Pro 
20 25 30 

Val Pro Gly Ala Lys Leu Glu Glu Glu Val Tyr Asp Glu Asp Gly Asn 
35 40 45 

Thr Leu Gin Asp Phe Ala Leu Arg Ala Gly Ala Pro Gly Gly Gly Gly 
50 55 60 

Pro Arg Pro Arg Trp Gly Arg Cys Thr Ala Leu Tyr Tyr Pro Pro Gly 

65 70 75 80 

Lys Arg His Ala Asp Gly lie Phe Ser Lys Ala Tyr Arg Lys Leu Leu 
85 90 95 

Gly Gin Leu Ser Ala Arg Asn Tyr Leu His Ser Leu Met Ala Lys Arg 
100 105 110 

Val Gly Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser Lys Arg His 
115 120 125 

lie Asp Gly lie Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin Met 
130 135 140 

Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg Tyr Lys Gin 
145 150 155 160 

Arg Val Lys Asn Lys Gly Arg Arg Val Ala Tyr Leu 
165 170 



(2) INFORMATION FOR SEQ ID NO: 8: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 aa 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

His Ala Asp Gly He Phe Ser Lys Ala Tyr Arg Lys Leu Leu Gly Gin 
1 5 10 • 15 

Leu Ser Ala Arg Asn Tyr Leu His Ser Leu Met Ala Lys Arg Val Gly 
20 25 30 

Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser 
35 40 

(2) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHTOWITERISTICS : 

(A) LENGTH: 992 bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

gcgaatattg acagcccccc ttttttttcc tttatttgtc gagtcgattc cctaaccacc 60 
caacaactct ctgcgcttct gcgccttctt catccttgcc cagcggaaaa gccgggagcc 120 
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ctttgactct ttcggccgca acttggggag atagctctat ttttcccccc tcctctctgg 180 

ggtttttctc ctttttcctc tctccctttc ccttccgcag ccacacgctc tcagtgccgg 240 

gtgtciacagt ttcATG3U;TG GCAATGTGTA TAAAACGCTC TTAACCCTCC TGGTCTATGG 300 

ATTAAZAATG CATTGCAACG TCTACTGCTC ACCCGACCGT TGGACTCCAG TACCCGGCGC 360 

5 TAAGCTGGAG GAGGAGGTAT ACGACGAGGA CGGGAATACC CXACAGGACT TCGCACTACG 420 

AGCAG«GCC CCTGGGGGTG GCGGGCCGCG CCCGCGCTGG GGCAGGTGTA CGGCGCTGTA 480 

CTACCCGCCG GGAAAGAGCG GTGCCAGCAG CGGCCTGGGG GS^GAGGCGG AACCGCTCAG 540 

CAAGCGCCAC AXAGACGGCA TCTTCACGGA CAGCTACAGC CGCTACCGGA AACAAATGGC 600 

TGTCAAGAAA TACTTAGCGG CCGTCCTGGG GAAMGGTAT AAACAAAGAG TTAAAAACAA. 660 

10 AGGACGCCGA GTAGCGTATT TdMgatga gcaaccgccg ctgccgtgcg tiagtcctgag 720 

agagagagag agagagagag agagattgag agagagagag agagagagag agacccaacc 780 

accccaaccc aaacaaaagt catttccaaa gtgacggaac gaccgccgct cccgtgttcc 840 

ccaaacatgt atttatgtat aagtaagcca ttaaatgaat aatattttga taataatatg 900 

gttttctttt gtacgaaagc acagatctac tttgtggacc aatccttgag ttatatatga 960 

15 gatagaatat atatatataa tactgctact aa 992 

(2) INFORKATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 143 aa 
20 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

<D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Ser Gly Asn Val Tyr Lys Thr Leu Leu Thr Leu Leu Val Tyr Gly 
25 1 5 10 15 

Leu He Met His Cys Asn Val Tyr Cys Ser Pro Asp Arg Trp Thr Pro 

20 25 30 

30 Val Pro Gly Ala Lys Leu Glu Glu Glu Val Tyr Asp Glu Asp Gly Asn 
35 40 45 

Thr Leu Gin Asp Phe Ala Leu Arg Ala Gly Ala Pro Gly Gly Gly Gly 
35 50 55 60 

Pro Arg Pro Arg Trp Gly Arg Cys Thr Ala Leu Tyr Tyr Pro Pro Gly 
65 70 75 80 

40 Lys Ser Gly Ala Ser Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser 

85 90 95 



45 



Lys Arg His He Asp Gly He Phe Thr Asp Ser Tyr Ser Arg Tyr Arg 
100 105 110 

Lys Gin Met Ala Val Lys Lys Tyr Leu 7a a Ala Val Leu Gly Lys Arg 
115 120 125 



Tyr Lys Gin Arg Val Lys Asn Lys Gly Arg Arg Val Ala Tyr Leu 
50 130 135 140 



(2) INFORMATION FOR SEQ ID N0:11: 

55 (i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 129bp 

(B) TYPE: nucleic acid 

(C) STRANDBDNE55: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

CAC GCC GAT GGG ATC TTC AGC AAA GCC TAC AGG AAA CTC CTG GGC CAG 48 
CTG TCC GCA AGA AAT TAC CTG CAC TCC CTG ATG GCC AAG CGG GTC GGC 96 
AGC GGC CTG GGG GAC GAG GCG GAA CCG CTC AGC 129 



(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 
IS (A) LENGTH: 138bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

20 CAC GCC GAT GGG ATC TTC AGC AAA GCC TAC AGG AAA CTC CTG GGC CAG 48 
CTG TCC GCA AGA AAT TAC CTG CAC TCC CTG ATG GCC AAG CGG GTC GGC 96 
GGT GCC AGC AGC GGC CTG GGG GAC GAG GCG GAA CCG CTC AGC 138 

25 (2) INFORMATION FOR SEQ ID NO: 13: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 114bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CAC ATA GAC GGC ATC TTC ACG GAC AGC TAC AGC CGC TAC CGG AAA CAA 48 
ATG GCT GTC AAG AAA TAC TTA GCG GCC GTC CTG GGG AAA AGG TAT AAA 96 
CAA AGA GTT AAA AAC AAA 114 

35 

(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

40 (A) LENGTH: 27bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
45 CATGTTTGGA CAGS^ACACAA GTGAGCG 27 



(2) INFORMATION FOR SEQ ID NO: 15: 
50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 

CATTCGGATG GGATCTTCAC GGATAG 26 

5 

(2) INFORMATION FOR SEQ ID NO: 16: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24bp 

10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

15 GAGCCCCGCC CGTGCTTACC GCAG . 24 

(2) INFORMMION FOR SEQ ID NO: 17: 

(1) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 24bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
25 CACGCCGATG GGATCTTCAG CAAA 24 

(2) INFORMMION FOR SEQ ID NO: 18: 
(i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 24bp 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



35 



CCCGACCCGC TTGGCCATCA GGGA 24 



(2) INFORMATION FOR SEQ ID NO: 19: 
40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 aa 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

His He Asp Gly He Phe Thx Asp Ser Tyr Ser Arg Tyr Arg Lys Gin 

15 10 15 

Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu 
20 25 

50 



(2) 



INFORMATION FOR SEQ ID NO: 20: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 aa 

(B) TYPE: amino acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

His Ala Asp Gly lie Phe Ser Lys Ala Tyr Axg Lys Leu Leu Gly Gin 

15 10 15 

Leu Ser Ala Arg Asn Tyr Leu His Ser Leu Met Ala Lys 
20 25 
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Chims: 

L An isolated nncteic addmotecnle inctudtqg at least 25 costignoiis oudeoddes of 
die sequence dmwn in Seq. LD. No. 1. 
S 2. An isolated nocleic addmolecole accordii^g to daim 1 wherein die mnleCT l e 

includes at least 30 contiguous nucleotides of the sequence shown in Seq. I.D. No. 1. 

3. An isolated nucleic add molecule accordiitg to daim 1 v^rein the mdecule 
incbides at least 50 contiguous nucleotides of the sequence shown in Seq. LD. No. 1. 

4. An isolated nucleb add molecnle aocordiqg to daim 1 wherein die nucleic add 
10 mcdecule encodes a polypqiidde cqnible of stimulating die release of pituitary growdi hflrmftnft from 

chicken pitnitaiy ceOs. 

5. A nmleotide vector inchTding a nudeic add mdecule according to da™ 4. 

6. Atransgemchosftcenproducedby introducii^intoahostceUanucleoti^ 
accordii^ to daim 5. 

15 7. Amediodofpn)dudi]gapdypeptidec^[>abkof stimulating die release of pituit^ 

growdi hormone frasn chicken pituitary cdls, die mediod compriaiig die steps of: 

(a) providing a transgenic host cdl according to claim 6; 

(b) cultivatii^ die cell under conditions sqiporting die production of the polypqptide; and 

(c) harvesting the polypq>tide. 

20 8. A purified polypeptide produced accordii^ to die mediod of claim 7. 

9. A conqsosition for administration to poultry ccmprisii^ a purifi 
according to daim 8. 

10. An isolated nucleic addmotecnle encoding a diickenneuropqrtide precursor 
polypeptide, dm polypqmde having an amino add sequence sdected from die group consisting of the 

25 sequences ^lown in: 

(a) Seq. I.D. No. 3; 

(b) Seq. I.D. No. 7; or . 

(c) Seq. I.D. No. 9. 

11. A nudeotide vector induding a nucldc acidmdecule according to daim 10. 
30 12. A trao^nic host ceU produced by introdudog into die host ceU a nudeoti^ 

acconfing to daim IL 

13. A mediod of produdqg a pdypqitide capable of grimniafing tiie release of pituitary 
growdi hormone firam chicken pituitary cells, die mediod comprisii^ the steps at 

(a) providipg a transgenic host cell accordii^ to claim 12; 
35 (b)cdtivatii]|g die cell under conditions supporting die production of die 

pdypqrtide; and 

(c) harvesting die polypqitide. 

14. A purified polypeptide produced according to die mediod of daim 13. 
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15. A porillcd polypeptide havipg an amino acid sequence selected ham gasap 
consistiqg of die sequences shown in: 

(a) Seq. I.D. No. 3; 

(b) Seq. I.D. No. 7; or 
5 (c) Seq. I.D. No. 9. 

16. A imified diicken nearopq)tide piecuisor poIypq)tide, wherein the pdypcpddt 
indudes at least 20 consecutive amino adds selected from die amino acid sequences shown ia* 

(a) Seq. I.D. No. 3; 

(b) Seq. LD. No. 7; or 
10 (c) Seq. I.D. No. 9. 

and wherein die polypeptide incfaides bodi a ddcken GRF pqitide and a di^ 

17. An isolated imcleic add molecide having a nndeotide seqpience comprisu^ at least 
10 consecutive nucleotides of die sequence shownin Seq. LD. No. 12» wfaeran die nuddc acid 
molecule encodes a polypeptide cqiable of stimulating die release of pitmiary growdi hoHnone ham 

IS chicken pituitaiycdls. 

18. An isolated nucleic add molecule acconfing to daim 17 ^tdierein die nucleic add 
molecule encodes a ducken GRF peptide having an amino acid sequence selected ham die gioap 
consistmg of die amino acid sequences shownin: 

(a) Seq. I.D. No. 4; or 
20 (b) Seq. LD. No. 8. 

19. A purified polypeptide encoded by a nucleic add nnilecuteaccordi^ 17. 

20. A purified ducken GRF pdypqytide having an anuno add sequelae sd« 
die graap consisting of die amino acid sequences diown in: 

(a) Seq. LD. No. 4; and 
2S (b) Seq. LD. No. 8. 

21. An isolated DNAmolecukiK^ierein die molecule indodes at least 10 consecuti 
nucleotides of die sequence shown in Seq. LD. No. 13 and wherein die DNA molecule encodes a 
pdypqitide capabk of stmndatii^ die release of pituitary growdi hormone ham chickmpituitaiy 
cells. 

30 22. A DNA molecnle according to claim 21 wherein the DNA molecukem:^^ 

pdypqitide having an amino add sequence as shown in Seq. LD. No. 13. 

23. A DNA molecule according to daim 22 wherein die DNA molecnb has a sud^ 
sequence as shown in Seq. LD. No. S. 

24. A recombinant DNA molecule including a nudeic add molecule accordiog to 

3S claim 4. 

25. A tran^nic non^tuman animal ^Kterein the genome of the animal inri^Tdes a 
recomlnnant DNA molecule accordiog to daim 24. 



PCT/CA9gmKI33 



26. A canqwffltian inclnding a pnrified polypeptide encoded by a nadetc add molecule 
accordktg to daim 4, ^wtoem the pdypqrtide is capable of stmmlating the release of pitmlaiy 
gniwdi honnone fran cticken pituitary cdls. 

27. An isdated mdeic add mnlccnle havipg a nndeotide seqaence selected frmn the 
gnny consisting of dteseggqicesdiown in: 

(a) Seq. I.D. No. 1 or its ccm^lementary strand; 

(b) Seq. I.D. No. 4 or its complementary strand; 

(c) Seq. I.D. No. 12 or its conqdementaiy strand; axd 

(d) sequences ^fliidi hybridize under conditions of at least 75% strii^ency to die 
sequences defined in (aHc); 

and ^toein die nudeic add mdecule encodes a peptide capable of stimnladng die release of 
pituitary growdi honnone from dudKn pituitary cells. 

28. An isdated nucleic acid molecule accofdii^ to daun 27 (d)wheTem 
molecule hybridizes under conditions of at least 90% striqgeury. 
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